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“  OPERATING  EXPERIENCES  WITH 
STEAM  REGENERATORS” 


A  DISCUSSION 


TEST  OF  STEAM  REGENERATORS  AND 
LOW  PRESSURE  TURBINES 

By  Frank  E.  Leahy* 

In  order  to  verify  the  theory  of  steam  accumulative  and 
regenerative  processes  advanced  by  Mr.  F.  G.  Gasche,  M.  E., 
in  his  able  article  on  that  theme,  we  wish  to  offer  the  results 
of  a  series  of  recent  tests  made  to  provide  a  practical  demon¬ 
stration  of  this  theory  on  the  conservation  of  steam  energy, 
insofar  as  it  may  be  applied  to  the  regenerative  system  at  this 
plant  in  McKeesport;  and  as  a  knowledge  of  the  steam  con¬ 
sumption  of  the  turbine  was  essential  to  these  tests,  the  re¬ 
sults  of  the  turbine  tests  are  also  included. 

Regenerator  System :  These  investigations  were  made  on 
the  regenerative  system  which  is  located  between  the  blooming 
mill  and  slabbing  mill  in  front  of  the  low  pressure  turbine 
station.  It  consists  of  three  American  Steam  Regenerators  con¬ 
nected  in  parallel  and  operating  as  a  unit.  Each  regenerator, 
a  side  view  of  which  is  shown  in  Fig.  1,  consists  of  two  steel 
tanks,  one  above  the  other,  the  lower  being  designated  as  the 
expansion  chamber,  and  the  upper  as  the  regenerative  cham¬ 
ber.  The  lower  or  expansion  chamber  is  7  ft.  in  diameter  and 
30  ft.  long.  It  is  equipped  with  a  float  controlled  overflow  trap 
to  convey  off  accumulations  of  water,  also  in  the  top  of  this 
tank  is  located  the  steam  and  water  mixing  chamber  known  as 
the  “spray  box.”  This  box  is  rectangular  in  shape,  17 )A  in.  wide 
by  13/2  in.  high  by  16  ft.  long  and  the  top  is  perforated  with 

*  Assistant  Steam  and  Hydraulic  Engineer,  National  Works,  National  1  ube  Com¬ 
pany,  McKeesport,  Pa. 
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i3^  inch  holes  about  inch  pitch.  On  the  front  of  this  spray 
box  is  a  vane  connected  through  levers  to  a  pilot  valve,  located 
outside  and  on  top  of  the  tank  so  that  any  movement  of  the 
vane  changes  the  position  of  the  valve.  The  pilot  valve  admits 
live  steam  to  either  side  of  a  steam  cylinder  which  operates  the 
water  valve,  allowing  the  water  from  the  upper  tank  to  pass 
through  the  holes  in  the  top  of  the  spray  box  in  the  lower  tank, 


Fig.  1.  Side  View  of  Regenerator. 


breaking  it  into  a  spray.  The  back  of  the  spray  box  is  con¬ 
nected  to  the  ejection  pipe,  which  passes  through  the  bottom  and 
ends  near  the  top  of  the  upper  tank. 

The  upper  or  regenerative  chamber  is  8  ft.  6  in.  in  diameter 
and  43  ft.  long. 

It  is  equipped  with  gauge  glasses  and  gauge  cocks  to  in¬ 
dicate  the  height  of  water;  it  also  has  a  16  in.  low  pressure  re¬ 
lief  valve  opening  to  the  atmosphere,  located  about  the  center 


Fig.  2.  General  Arrangement  of  Regenerators  and  Etiglnes. 


Fig.  3.  Detail  of  Regenerator  Tanks,  Spray  Box  and  Spray  Plate. 
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of  the  top  of  the  tank.  There  is  also  an  over-flow  pipe  emptying 
into  the  lower  tank  to  prevent  the  water  from  rising  above  the 
desired  level.  About  the  center  and  bottom  of  this  tank  is  located 
a  16  in.  gate  valve,  which  regulates  the  flow  of  water  from  the 
upper  tank  into  the  spray  box  in  the  lower  tank  as.  previous¬ 
ly  described. 

The  three  lower  tanks  are  connected  at  each  end  to  mani¬ 
fold  pipes  which  distribute  the  steam  to  the  three  regenerators ; 
at  the  east  end  steam  is  received  from  the  slabbing  mill  engines ; 
and  at  the  west  end  steam  is  received  from  the  blooming  mill 
engine.  The  three  upper  tanks  are  connected  to  a  common 
steam  main  leading  to  the  turbine.  The  general  arrangement 
of  regenerators  and  engines  is  shown  on  Fig.  2,  and  the  de¬ 
tails  of  the  regenerator  tanks,  spray  box,  spray  plate  and  water 
control  on  Figs.  3  and  4. 

Method  of  Operation  of  Regenerators  :  The  operation  of  the 
regenerative  system  is  as  follows:  The  exhaust  steam  enters 
the  lower  tank  and  in  passing  into  the  spray  box  strikes  a 
vane,  turning  it  through  a  certain  angle  depending  upon  the 
quantity  of  steam  flowing.  This  movement  is  transmitted  to 
the  regulating  water  valve  which  admits  the  water  to  the  spray 
box;  the  greater  the  quantity  of  steam  flowing  the  greater  the 
angle  through  which  the  vane  turns  and  thus  admitting  more 
water  through  the  valve.  The  steam  and  water  meet  in  the 
spray  box,  and  the  mixture  passes  through  the  ejection  pipe 
into  the  upper  tank,  the  water  absorbing  heat  from  the  steam 
on  the  way.  In  this  manner  heat  is  stored  in  the  upper  tank 
and  becomes  available  for  use  when  required.  If  at  any  time 
the  pressure  in  the  top  tank  drops  to  16  lb.  absolute,  due  to  a 
decrease  in  the  supply  of  exhaust  steam,  the  live  steam  reducing 
valve  is  automatically  opened  and  admits  steam  to  the  lower 
tank,  and  closes  as  soon  as  the  pressure  in  the  top  tank  in¬ 
creases  to  18  lb.  absolute.  If  at  any  time  there  is  such  a  sur¬ 
plus  of  exhaust  steam  that  the  pressure  in  the  top  tank  ex¬ 
ceeds  19  lb.  absolute,  the  relief  valves  open,  discharging  the  ex¬ 
cess  steam  to  the  atmosphere. 

Regenerator  Tests :  This  type  of  regenerator  is  described 
in  Mr.  Gasche  s  paper  as  a  “  Forced  Circulation  Regenerator 1 ’ 


Fig.  4.  Arrangement  of  Water  Control  on  Lower  Tank. 
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in  which  the  circulation  is  produced  by  spraying  in  the  steam 
supply  pipe.  The  theory  advanced  in  this  paper  states  that  the 
spray  and  the  steam  are  assumed  to  arrive  in  the  regenerative 
tank  at  the  same  temperature,  the  water  in  the  said  tank  having 
no  convective  movements  of  importance  during  the  absorption 
period;  the  surface  of  the  water,  due  to  the  accumulations  from 
the  spray,  consequently  rises  to  the  temperature  of  the  steam, 
after  which  there  is  no  heat  transfer  by  surface  contact  to  the 
water.  This  surface  is  relatively  small,  and  the  preceding 
assumption  will  simplify  the  case.  The  energy  and  the  equiva¬ 
lent  heat  expenditure  to  raise  the  water  would  be  important 
to  the  extent  of  the  amount  of  water  in  circulation.  From  the 
above  theory  was  established  the  relation  between  the  var¬ 
iables  entering  into  the  problems  and  from  these  formulae  were 
derived  the  curves  for  the  absorption  and  regenerative  charac¬ 
teristics,  the  calculations  for  which  are  shown  in  the  appendix. 

Owing  to  the  variation  in  the  quantity  and  duration  of  the 
flow  of  exhaust  steam  from  the  engines,  it  was  decided  in  the 
tests  to  use  live  steam  throttled  through  a  reducing  valve,  in 
order  to  better  control  the  conditions  of  operation.  To  simplif}’ 
the  tests  of  the  regenerative  system,  preliminary  observations 
on  the  simultaneous  operation  of  the  three  regenerators  were 
taken  by  recording  thermometers  and  it  was  discovered,  as  shown 
in  Fig.  5  and  Fig.  6,  that  the  temperature  of  the  water  in  the 
three  regenerators,  taken  at  the  same  place,  over  a  period  of  24 
hours,  varied  not  more  than  two  degrees,  indicating  that  the 
three  regenerators  operated  as  a  unit.  From  this  information 
it  was  decided  to  confine  the  investigation  to  one  regenerator  as 
illustrative  of  all. 

The  observations  during  the  tests  were  taken  as  follows: 
The  average  temperature  of  the  water  in  the  regenerator  was 
determined  by  thermometers  placed  in  the  tank,  one  three  feet 
from  the  west  end  and  two  feet  above  the  bottom;  one  at  the 
middle,  four  feet  above  bottom;  one  three  feet  from  the  east 
end,  two  feet  above  the  bottom,  and  a  recording  thermometer  in 
the  bottom,  midway  between  both  ends.  A  pressure — time  curve 
is  shown  in  Fig.  7. 

The  steam  temperature  was  determined  by  a  thermometer 


Fig.  5.  Temperature — Time  Curve. 
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Fig.  6.  Temperature — Time  Curves. 


Fig.  7.  Pressure — Time  Curve. 

regenerators  and  out  through  the  relief  valves,  the  line  to  the 
turbine  being  closed.  Simultaneous  readings  of  all  thermometers, 
gauges  and  mercury  columns  were  taken  every  ten  seconds.  A 
number  of  absorption  tests  were  run  in  this  manner,  having  a 
duration  of  from  three  to  four  minutes. 

The  regenerative  period  for  these  absorption  periods  was 
figured  as  shown  in  the  appendix.  It  was  checked  as  follows: 
When  the  regenerators  were  charged  to  the  desired  pressure 
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placed  in  the  top  of  the  regenerative  tank.  Mercury  columns 
were  attached  to  note  the  pressure  in  the  top  and  bottom  tanks. 
Graduated  water  gauge  glasses  were  placed  on  both  ends  of 
the  regenerative  tank  to  indicate  the  height  of  water. 

An  observer  was  stationed  at  each  thermometer,  steam 
gauge  and  mercury  column  and  the  relief  valves  were  set  to 
blow  off  at  the  required  pressure;  the  water  in  the  regenerative 
tank  having  been  heated  to  the  desired  temperature,  the  live 
steam  valve  was  quickly  opened,  the  steam  passing  through  the 
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with  the  turbine  running,  the  live  steam  reducing  valve  was  im¬ 
mediately  closed  and  steam  was  supplied  from  the  regenerators 
alone  to  the  turbine.  The  rate  at  which  the  heat  was  abstracted 
from  the  regenerator  was  regulated  by  the  load  on  the  turbine, 
the  steam  consumption  of  which  had  been  previously  determined. 
Headings  of  all  thermometers,  gauges,  etc.,  during  this  period, 
were  taken  every  ten  seconds. 

RESULTS  OF  REGENERATOR  TESTS 

Test  No.  1 

Accumulative  Period:  The  length  of  time  that  steam  was 
supplied  to  the  regenerators  was  four  minutes.  The  initial 
temperature  of  the  water  was  205  deg.  Fahr.,  and  the  final 
temperature  was  216  deg.,  the  temperature  of  the  steam  being 
229.3  deg.  The  amount  of  water  circulated  per  minute  was 
14  180  lb.,  and  the  quantity  of  heat  stored  was  1  045  800  B.  t.  u. 

Regenerative  Period :  The  time  required  to  abstract  this 
heat,  supplying  steam  at  the  rate  of  567  lb.  of  steam  per  minute, 
was  89.2  seconds. 

Test  No.  2 

Accumulative  Period:  Steam  was  supplied  to  the  regen¬ 
erator  for  four  minutes.  The  initial  temperature  of  the  water 
was  206.5  deg.  Fahr.,  and  the  final  temperature  was  216.2  deg., 
the  temperature  of  the  steam  being  231.2  deg.  The  amount  of 
water  in  circulation  per  minute  was  11  028  lb.,  and  the  quantity 
of  heat  that  was  stored  was  871  257  B.  t.  u. 

Regenerative  Period :  The  time  required  to  abstract  this 
heat,  at  the  rate  of  567  lb.  of  steam  per  minute,  was  79.15 
seconds. 

Test  No.  3 

Accumulative  Period :  Steam  was  supplied  to  the  regener¬ 
ator  for  three  minutes.  The  initial  temperature  of  the  water 
was  206.3  deg.  Fahr.,  and  the  final  temperature  was  219.3  deg., 
the  temperature  of  the  steam  being  235.5  deg.  The  amount  of 
water  in  circulation  per  minute  was  17  371  lb.  and  the  quantity 
of  heat  absorbed  was  1,164  132  B.  t.  u. 

Regenerative  Period :  The  time  required  to  abstract  this  heat 
at  the  rate  of  567  lb.  of  steam  per  minute  was  103.88  seconds. 
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Test  No.  4 

Accumulative  Period :  Steam  was  supplied  to  the  regen¬ 
erator  for  three  minutes.  The  initial  temperature  of  the  water 
was  195.2  deg.  Fahr.,  and  the  final  temperature  was  214.2  deg., 
the  temperature  of  the  steam  being  232.1  deg.  The  amount  of 
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water  in  circulation  per  minute  was  22  744  lb.  and  the  quantity 
of  heat  stored  was  1  814  245  B.  t.  u. 

Regenerative  Period :  The  time  required  to  abstract  this  heat 
at  the  rate  of  567  lb.  of  steam  per  minute  was  166  seconds. 
This  test  rather  than  showing  the  condition  of  regular  operation, 
exhibits  the  possibilities  of  the  regenerator  when  carried  below 
atmospheric  pressure. 

Test  No.  5 

Accumulative  I  emod  i  Steam  was  supplied  to  the  regener¬ 
ator  for  three  minutes.  The  initial  temperature  of  the  water 


Fig.  9.  Curve  of  Steam  Consumption  of  Turbine  Alone. 

was  210.3  deg.  Fahr.,  and  the  final  temperature  was  210.8  deg., 
with  the  steam  at  a  temperature  of  234.1  deg.  The  amount  of 
water  in  circulation  per  minute  was  15  174  lb.,  and  the  quantity 
of  heat  stored  was  863  653  B.  t.  u. 

Regenerative  Period :  The  time  required  to  abstract  the 
heat  at  the  rate  of  567  lb.  of  steam  per  minute  was  70.20  seconds. 


14  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

Test  No.  6 

Accumulative  Period :  Steam  was  supplied  to  the  regener¬ 
ator  for  three  minutes.  The  initial  temperature  of  the  water 
was  195.0  deg.  Fahr.,  and  the  final  temperature  was  212.8  deg., 
with  the  steam  at  a  temperature  of  231.2  deg.  The  amount  of 
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water  in  circulation  per  minutj?  was  20,180  lb.,  and  the  quantity 
of  heat  stored  was  1  612  865  B.  t.  u. 

Regenerative  Period:  The  time  required  to  abstract  this 
heat  at  the  rate  of  567  lb.  of  steam  per  minute  was  151.87  seconds. 


This  test  also  shows  the  possibilities  of  the  regenerator  by  work¬ 
ing  below  atmospheric  pressure  rather  than  regular  operating 
conditions. 


DESCRIPTION  OF  TURBO-GENERATOR  EQUIPMENT 

The  low  pressure  turbine  station,  shown  in  Fig.  8,  is  located 
between  the  blooming  and  slabbing  mills  and  contains  one  Curtis 
low  pressure  turbo-generator,  one  General  Electric  motor-gen¬ 
erator  set,  one  small  General  Electric  turbo-generator  for  the 
generation  of  continuous  current  for  excitation,  switchboard  and 
a  Weiss  dry  air  pump.  In  the  main  power  station,  located  about 
2000  feet  away,  are  two  General  Electric  motor  generator  sets 
which  are  tied  in  electrically  and  part  of  this  equipment. 

The  low  pressure  turbine  is  a  Curtis  horizontal,  three  stage, 
impulse  type  rated  at  3000  k.w.,  1500  r.p.m.  and  Form  E,  de¬ 
signed  to  run  condensing  and  deliver  its  rated  capacity  with  an 
initial  pressure  of  16  lb.  absolute.  It  is  directly  connected  to  the 
generator  which  is  rated  as  Type  A.  T.  B.  2-pole,  3000  k.w., 
1500  r.p.m,  6600  volts,  3  phase,  25  cycles.  With  a  power  factor 
of  100  percent,  the  generator  is  designed  to  develop  3750  k.v.a. 
or  an  actual  energy  output  of  3000  k.w.  at  80  percent  power 
factor.  The  turbine  exhausts  into  a  Weiss  barometric  counter 
current  condenser,  of  self  supporting  type  with  a  rated  capacitv 
of  condensing  one  hundred  and  fifty  thousand  pounds  of  steam 
per  hour.  The  Weiss  dry  air  pump  for  this  condenser  is  a  13 
inch  by  34  inch  horizontal  tandem  pump  with  a  ratted  speed  of 
55  r.p.m.  The  cooling  water  for  the  condenser  is  furnished 
through  a  24  in.  line  from  the  pump  located  about  eight  hundred 
feet  away.  There  are  two  16  in.  horizontal  motor  driven  centri¬ 
fugal  pumps  with  a  combined  capacity  of  12  000  gal.  of  water 
per  minute.  Each  is  directly  connected  to  a  150  h.p,  230  volts, 

540  amperes,  direct  current  Garwood  Electric  Companv  motor 
running  at  500  r.p.m. 

The  alternating  current  from  the  turbo-generator  is  con- 
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verted  to  direct  current  by  the  motor  generators,  one  in  the 
turbine  station  and  two  in  the  main  power  station.  These  sets 
are  all  the  same  size  and  make,  namely,  General  Electric  two 
unit,  two  bearings,  with  synchronous  motor  and  direct  current 
generator.  The  synchronous  motor  is  a  2d  cycle,  3  phase,  Type 
A.  T.  L,  6  pole,  1060  k.w.,  500  r.p.m.,  6600  volts  and  the  direct 
current  generator  is  a  Type  M.  P.  C>,  10  pole,  1000  k.w.,  500 
r.p.m.,  240-260  volts  and  3250  amperes. 


The  admission  of  steam  is  controlled  by  a  governor  of  the 
centrifugal  type  mounted  on  a  vertical  shaft.  The  motion  of 
the  governor  weights  is  transmitted  through  a  lever  supported 
on  roller  bearings  to  the  pilot  valve  of  the  hydraulic  cylinder; 
oil  is  admitted  under  pressure  to  this  cylinder  which  operates  a 
thirty  inch  butterfly  throttling  valve  in  the  inlet  line  of  the 

turbine. 

Emergency  appliances  are  provided  for  as  follows:  An 
independent  emergency  overspeed  governor,  which  acts  on  a 
trip  steam  valve,  is  located  in  the  inlet  steam  line  before  the 
throttle  valve,  and  this  governor  is  also  connected  to  operate 
the  throttle  valve  and  an  eight  inch  vacuum  breaker.  All  three 
devices  are  inter-connected  so  as  to  operate  simultaneously  in 
case  of  overspeeding  of  the  turbine.  All  contrivances,  or  any 
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Detail  of  Reducing  Valve. 
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one,  may  be  tripped  by  hand  to  stop  the  turbine,  and  should 
these  fail  of  operation  a  glass  cover  plate,  wire  protected,  may 
be  smashed  in  order  to  break  the  vacuum.  All  emergency  ap¬ 
pliances  are  so  designed  that  it  is  necessary  to  properly  set  them 
in  position  before  the  turbine  can  be  started. 

TURBINE  TESTS 

These  tests  were  run  to  determine  the  steam  consumption 
of  the  turbine  at  various  loads  and  were  made  as  follows: 
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Test  No.  1.  Accumulative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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All  gauges,  thermometers,  meters  and  measuring  instru¬ 
ments  were  calibrated  before  and  after  the  test,  and  corrections 
applied  to  the  readings. 

The  steam  pressure  at  the  throttle  was  taken  with  a  low 
pressure  gauge  and  the  vacuum  in  the  condenser  was  taken  with 
a  mercury  column.  These  readings  were  observed  every  five 
minutes. 

The  atmospheric  pressure  was  observed  every  fifteen  min¬ 
utes  from  a  standard  barometer  of  the  observatory  type  and 
the  readings  referred  to  a  standard  barometer  of  30  in. 


Test  No.  1.  Regenerative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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The  circulating  water  was  measured  by  a  24  inch  by  12 
inch  Venturi  meter  tube,  the  differential  pressure  being  regis¬ 
tered  by  a  mercury  manometer.  The  temperature  of  the  circu¬ 
lating  water  was  taken  by  a  thermometer  located  in  the  inlet 
pipe  close  to  the  condenser  and  the  temperature  of  the  tail  water 
was  taken  with  a  thermometer  located  in  the  tail  pipe.  These 
readings  were  observed  at  five*  minute  intervals. 


0  = 


A  = 


Test  No.  2.  Accumulative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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The  quality  of  the  steam  was  obtained  by  a  throttling, 
evaporating  calorimeter  located  in  the  steam  main  close  to  the 
turbine.  This  is  a  combination  throttling  and  separating  calori¬ 
meter  so  designed  that  in  case  all  the  moisture  is  not  removed 
by  evaporation,  what  remains  will  be  registered  by  the  sepa¬ 
rating  calorimeter.  The  sampling  nozzle  used  was  a  standard 
A.  S.  M.  E.  nozzle,  and  the  discharge  end  of  the  calorimeter 
was  connected  to  the  condenser  air  pump.  A  nozzle  the  same 
as  that  described  by  Mr.  Stott  in  the  A.  S.  M.  E.  Transc.  \  ol.  32, 
page  77,  was  also  tried,  but  no  appreciable  difference  could  be 
found  in  the  sampled  steam.  A  series  of  tests  were  run  to  de- 


Test  No.  2.  Regenerative  Period. 
Regenerator  No.  2  at  Turbine  Station. 


24  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

termine  the  quality  of  this  low  pressure  steam,  the  percentage 
of  moisture  remained  practically  the  same;  in  all  cases  the 
moisture  was  taken  care  of  by  the  throttling  calorimeter,  no 
moisture  being  deposited  in  the  separating  chamber  at  any  time. 

All  meters  for  electrical  measurements  were  read  at  five 
minute  intervals.  The  load  on  the  turbine  was  maintained  con- 
stant  by  motoring  various  electric  generator  units,  by  an  electric 
light  load  and  by  a  water  rheostat. 

The  heat  lost  due  to  radiation  was  made  up  of  heat  lost 
from  the  turbine  body  and  steam  piping.  An  allowance  was 
made  of  3.2  B.  t.  u.  per  square  foot  per  hour  per  degree  dif¬ 
ference  in  temperature.  The  heat  to  work  was  figured  by  using 
the  heat  equivalent  of  one  horsepower  as  42.416  B.  t.  u.  per 
minute.  The  heat  rejected  was  obtained  by  considering  the  con¬ 
denser  as  a  large  calorimeter. 

In  Table  Xo.  1  is  shown  the  data  and  results  of  the  turbo¬ 
generator  tests,  and  in  Fig.  9  is  shown  graphically  the  steam 
consumption  per  k.w.  hour. 

The  net  results  obtained  by  the  installation  of  the  low  pres¬ 
sure  turbine  and  regenerators  were  as  follows : 

First:  An  increase  of  57.5  percent  in  the  rated  electrical 
capacity  of  the  plant. 

Second:  The  back  pressures,  in  pounds  per  square  inch, 
on  the  blooming  and  slabbing  engines  was  as  follows: 

Before  Turbine 

Operating  Alone  Operating  Together  Installation 

Engines  Average  Maximum  Average  Maximum  Average  Maximum 

Blooming  Mill  3.77  10.00  7.35  10.00  1.50  5.30 

Slabbing  Mill  5.04  10.06  7.82  11.00  1.10  6.20 

Third:  The  load  on  the  turbine  is  such  that  the  steam 
consumption  of  the  turbine  is  practically  constant.  TThen  only 
the  blooming  engine  is  operating,  the  supply  of  exhaust  steam, 
which  is  approximately  76  000  lb.  per  hour,  is  insufficient  to 
meet  the  demands  of  the  turbine  and  in  order  to  provide  this 
deficiency,  the  live  steam  valve  is  open  about  10.5  minutes  per 
hour.  TVhen  only  the  slabbing  mill  engines  are  operating,  live 
steam  is  admitted  to  the  turbine  about  2.6  minutes  per  hour, 
exhaust  steam  from  these  engines  being  approximately  100  000 
lb.  per  hour.  In  either  of  the  above  cases  it  is  very  seldom  that 
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any  exhaust  steam  escapes  to  the  atmosphere.  When  both  mills 
are  operating  at  the  same  time,  the  exhaust  steam  is  much  in 
excess  of  the  demand,  and  the  relief  valves  are  open  about  18.9 
minutes  per  hour,  discharging  the  excess  steam  to  the  atmos¬ 
phere. 

This  data  was  obtained  by  means  of  the  automatic  recording 
machine  shown  in  Fig.  10.  This  machine  consists  of  an  ordinary 
steam  engine  indicator  with  a  light  spring.  The  recording  chart 
is  driven  by  a  motor  and  has  a  gear  reduction  by  means  of 
which  two  speeds  of  the  chart  may  be  obtained.  Two  recording 
pens  operated  by  electric  magnets  are  used,  one  to  record  anv 
movement  of  the  relief  valves  exhausting  steam  to  the  atmos¬ 
phere  and  one  to  record  the  movement  of  the  live  steam  reduc¬ 
ing  valve  admitting  steam  to  the  regenerator. 

On  Chart  No.  1  is  shown  the  general  operating  conditions 
when  only  the  blooming  mill  engine  is  running  and  exhausting 
into  the  regenerators.  As  can  be  seen  by  this  chart,  no  breaks 
occur  in  the  top  line  which  would  indicate  the  opening  of  the 
relief  valves  and  the  discharge  of  steam  to  the  atmosphere.  The 
center  line  indicates  the  pressure  in  the  regenerator,  each  scaled 
division  denoting  one  pound  pressure  per  square  inch;  and  a 
break  in  the  bottom  line  indicates  the  opening  of  the  live  steam 
valve  and  the  admittance  of  steam  to  the  regenerators. 

On  Chart  No.  2  is  shown  the  general  operating  conditions 
when  only  the  slabbing  mill  engines  are  running. 

On  Chart  No.  3  is  shown  the  general  operating  conditions 
when  the  blooming  mill  and  slabbing  mill  engines  are  running 
at  the  same  time. 

On  the  top  of  each  chart  the  roll  passes  are  indicated  by 
number ;  these  were  placed  by  an  observer  and  not  automatically 
recorded  like  the  rest  of  the  events. 

OPERATING  DIFFICULTIES  ENCOUNTERED 

When  the  1ot\  pressure  turbine  and  regenerators  were  first 
put  into  service  there  were  several  details  operating  unsatis¬ 
factorily,  the  most  serious  of  which  was  the  reducing  valves. 
As  this  is  a  straight  low  pressure  turbine  it  is  imperative  that 
the  reducing  valve  be  absolutely  reliable  and  positive  in  its 
performance. 
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The  first  valve  used  was  a  12  in.  Foster  reducing  valve  de¬ 
signed  to  open  at  15  lb.  and  close  at  15.5  lb.  absolute  pressure. 
From  the  beginning  this  valve  failed  to  operate  as  specified 
above,  it  would  stick  in  either  closed  or  open  positions.  When 


Test  No.  3.  Accumulative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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the  valve  would  remain  closed  the  turbo-generator  would  drop 
its  load,  which  represented  over  50  percent  of  the  total  power 
plant  output,  resulting  in  a  complete  loss  of  voltage  and  even 
though  this  was  only  of  a  few  moments  duration  it  was  a  serious 
condition  that  had  to  be  remedied.  When  this  valve  would  stick 
open  the  pressure  tending  to  close  it  would  build  up  and  the 
valve  would  become  so  unbalanced  that  when  closing  it  would 
do  so  with  sufficient  force  to  wreck  itself. 

This  condition  of  unsatisfactory  operation .  continued  for 
about  seven  months,  during  which  time  two  of  these  reducing 


Test  No.  4.  Accumulative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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valves  were  completely  wrecked,  and  caused  innumerable  delays. 
These  troubles  were  finally  overcome  by  the  use  of  a  balanced 
piston  valve,  which  is  positive  in  its  action,  being  controlled 
directly  by  the  pressure  in  the  regenerators.  A  diagramatic  ar¬ 
rangement  of  the  controlling  apparatus  is  shown  in  Fig.  11  and 
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the  valve  in  Fig.  12.  This  valve  has  been  in  operation  since 
July,  1912,  and  with  exception  of  a  leak  in  the  float  which  was 
repaired  in  July,  1913,  has  given  complete  satisfaction.  As 


Test  No.  5.  Accumulative  Period. 
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there  are  but  two  positions  for  this  valve,  closed  and  wide  open, 
this  valve  no  doubt  would  be  objectionable  if  the  generator  was 
operating  in  parallel  with  other  synchronous  apparatus,  but  as 
we  have  but  one  unit  the  slight  variations  of  speed  are  not 
objectionable. 

Owing  to  an  imperfection  in  the  design  of  the  pilot  valve 
which  operated  the  water  mixing  valve,  it  would  find  a  position 
of  admission  and  exhaust  that  would  give  to  the  piston  of  the 
operating  cylinder  a  violent  reciprocating  motion  which  would 
break  the  valve  stem  and  sometimes  cause  the  valve  to  seat  hard 
enough  to  break  the  body  of  it.  A  change  in  the  design  of  the 


Test  No.  5.  Regenerative  Period. 
Regenerator  No.  2  at  Turbine  Station. 


Test  No.  6.  Accumulative  Period. 
Regenerator  No.  2  at  Turbine  Station. 
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piston  and  ports  was  made  which  eliminated  this  trouble. 

In  the  lower  chamber  directly  in  the  path  ot*  the  incoming 
steam  there  is  a  vane  which  operates  a  pilot  valve  through  levers. 
This  vane  due  to  improper  operation  of  the  pilot  valve  would 
be  subjected  to  undue  strains  from  the  impacts  of  the  incoming 
steam.  After  the  pilot  valve  had  been  made  to  operate  satis¬ 
factory  no  more  trouble  was  experienced  from  these  vanes, 


i£S. 
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which  in  the  meantime  had  been  changed  from  16  gauge  sheet 
to  %  in.  plate. 

Trouble  was  experienced  with  the  seat  getting  loose  and 
coming  off  the  gate  valve  on  the  water  connection  between  the 
upper  and  lower  chambers.  This  seat  was  screwed  on  and  would 
get  loose  in  the  threads.  To  overcome  this  trouble  the  seat  was 
shrunk  on,  which  eliminated  the  trouble  from  this  source.  While 
this  is  strictly  valve  trouble,  it  is  mentioned  in  order  to  point 
out  that  a  valve  that  would  be  satisfactory  in  ordinary  service 
will  not  stand  up  in  this  service. 

There  is  a  water  feed  box  in  the  upper  chamber  for  the 
purpose  of  circulating  the  water  by  causing  it  to  flow  to  the 
end  opposite  the  injection  end  before  it  can  be  admitted  to  the 
lower  chamber  to  be  mixed  with  the  steam.  It  was  found  that 
the  water  would  be  set  in  motion  with  sufficient  force  to  tear 
this  box  loose  from  its  fastenings,  and  it  was  necessary  to  se¬ 
curely  fasten  it  to  withstand  the  surging  of  the  water. 

The  deposits  of  oil  on  the  turbine  blading,  show  that  there 
should  be  a  more  effective  method  of  removing  the  oil  from  the 
exhaust  steam  before  it  enters  the  turbine.  A  skimmer  is  now 
used  which  would  probably  be  all  right  if  the  water  was  quiet, 
but  as  the  water  is  always  surging  when  steam  is  entering  the 
regenerator,  it  is  practically  useless. 

Since  the  above  troubles  have  been  eliminated  the  regener¬ 
ators  are  giving  complete  satisfaction. 


APPENDIX 

TABLES,  DIAGRAMS  AND  FORMULAE 

Table  No.  1 :  Steam  to  auxiliaries  includes,  for  all  tests,  the  cir¬ 
culating  water  pump  and  dry  vacuum  pump. 

The  circulating  water  pump  being  direct  current  motor  driven, 
the  steam  consumption  was  figured  from  the  power  consumed  by  the 
motor,  plus  the  conversion  losses  to  the  turbine. 

Table  No.  2:  Shows  the  summary  of  tests  made  to  determine 
the  accumulative  characteristics: 

Estimate  of  the  value  of  H1 :  This  is  defined  as  the  heat  ex¬ 
penditure  at  a  prime  mover  to  accomplish  the  movement  of  w  pounds 
of  water  per  minute.  This  has  purposely  been  left  out  of  this  paper, 
as  it  is  not  clear  how  this  quantity  should  be  determined. 
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Table  No.  3:  Shows  the  summary  of  tests  made  to  determine  the 
regenerative  characteristics. 

ENGINE  DATA 

Slabbing  Mill  Slabbing  Mill 

Engines 

Blooming  Mill 

Horizontal 

Vertical 

Type 

Twin  Simple 

Twin  Simple 

Twin  Simple 

R.  P.  M. 

100 

100 

100 

Number 

• 

Two 

•  Two 

Bore 

50  In. 

46  In. 

36  In. 

Stroke 

60  In. 

60  In. 

48  In. 

Piston  Rod  Diam.  13*4  In. 

Clearance  in  percent 
of  piston  displacement 

8  In. 

6y2  In. 

Head  End 

13 

14 

14 

Crank  End 
Horse  Power  con¬ 
stant  for  1  lb. 
m.  e.  p.  and  1.  r. 
p.  m. 

LA 

17 

14 

14 

33000 

0.5514 

0.5200 

0.2426  . 

FORMULAE  AND  CONSTANTS 

TURBO-GENERATOR  TESTS 

Table  No.  1 

X  =  Quality  of  steam  to  turbine. 

=  H~h-c  (Ta-ta) 

L 

1  —  A  =  Moisture  in  steam  to  turbine. 

:  Total  heat  of  steam  in  main  pipe. 

Latent  heat  of  steam  in  main  pipe. 

Total  heat  due  to  the  pressure  in  the  discharge  side  of 
the  calorimeter. 

Specific  heat  of  super-heated  steam. 

Temperature  of  the  throttled  and  super-heated  steam 
in  the  calorimeter. 

t&—  Temperature  due  to  the  pressure  in  the  calorimeter. 

HEAT  AVAILABLE  IN  A  POUND  OF  STEAM 

H1  —  Heat  available  in  a  pound  of  steam  as  supplied  to 
turbine. 

—  La  X  q  (1  —  X )  —  (ta  —  32) 

L&=  Total  heat  of  steam  as  supplied  to  turbine. 

X  =  Quality  of  steam. 


X 

H 

L 

h 

c 

Tq 
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Q.  =  Heat  of  liquid  corresponding  to  La. 

£a  =  Temperature  of  hot  well. 

heat  supplied  to  turbine 

Qsl=  Total  heat  supplied  to  turbine. 

“  ^  ^  b  '  Tc)  -|-  Qc  -)- 

IF  =  Pounds  of  condensing  water. 

Th=  Temperature  of  hot  well. 

Tc=  Temperature  of  cooling  water. 

Q c===  Radiation  losses  from  turbine  and  piping. 

Qd=  Heat  equivalent  of  work  at  turbine  shaft. 

HEAT  UNITS  SUPPLIED  TO  TURBINE  AND  AUXILIARIES 
Qe=  Heat  units  to  turbine  and  auxiliaries. 

=  Qa  Qt  Qg 

Qt=  Heat  units  consumed  by  circulating  pump. 

Q g=  Heat  units  consumed  by  air  pump. 

STEAM  SUPPLIED  TO  TURBINE 

S  =  Pounds  of  steam  supplied  to  turbine. 

H,  . 

STEAM  SUPPLIED  TO  TURBINE  AND  AUXILIARIES 
$a=  Pounds  of  steam  to  turbine  and  auxiliaries. 

Q  e 

Ht 


THERMAL  EFFICIENCY  RATIO 

E  =  Thermal  efficiency  ratio  per  brake  horse  power. 

2545 
=  St  Ht 

St=  Pounds  of  steam  per  brake  horse  power  per  hour. 

RATIO  OF  ECONOMY 

Ej=  Rates  of  economy  of  turbine  to  that  of  an  ideal  turbine 
working  on  the  Rankine  cycle. 


7' 

1  d 

Td=  Absolute  temperatures  of  steam  entering  turbine. 

7'0—  Absolute  temperature  in  the  condenser. 

REGENERATOR  TESTS  (ACCUMULATIVE  PERIOD) 

Table  No.  2 

W  =  Weight  of  heat  absorbing  water,  pounds. 

6  =  Time  in  minutes  during  which  heat  is  applied  to 
the  absorbing  water. 

T  =  Temperature  of  steam  entering  the  regenerator,  deg. 
Fa  hr. 


TABLE  NO.  1— DATA  AND  RESULTS  OF  TURBO-GENERATOR  TESTS 


2 

3 

5 

6 

7 

8 

9 

Duration 

Steam  Pipe  Pressure  Near  Throttle,  by  Gage 

Barometric  Pressure  of  Atmosphere  in  Inches  of  Mercury 

Vacuum  in  Condenser  in  Inches  of  Mercury 

Vacuum  in  Condenser— Corresponding  Absolute  Pressure 

Temperature  of  Injection  or  Circulating  Water  Entering  Condenser 
Temperature  of  Injection  or  Circulating  Water  Leaving  Condenser 
Moisture  in  Steam 

hr 

lb 

lb 

deg 

deg 

Jan.  19,  1913 
1  Hour 
1.48 
29.65 
28.11 
0.756 

43.50 

61. 50 
1.68 

Jan.  19,  1913 
1  Hour 
1.88 
29.64 
28.19 
0.712 
43.50 
65.00 
1.62 

Jan.  19.  1913 
1  Hour 

1.88 

29.59 

28.20 

0.682 

43.50 

72.70 

1.69 

Jan.  19,  1913 

1.96 

29.54 

28.02 

0.746 

43.50 

78.10 

1.58 

Jan.  22,  1913  Jan.  24,  1913 

1  Hour  2  Hours 

1.73  3.33 

29.77  29.41 

28.25  27.68 

0.746  0.849 

41.00  44.00 

75.30  74.80 

Feb.  2,  1913  Fed.  2,  1913 

1  Hour  1  Hour 

2  73  5.56 

29.90  29.78 

28.25  27.93 

0.810  0.908 

34.00  34.00 

66.50  58.00 

Fee.  2.  1913 

1  Hour 

3.00 

29.77 

28.43 

0.658 

34.00 

58.90 

10 

11 

12 

13 

14 

Hourly  Quantities 

Total  Dry  Steam  consumed  per  hour 

Net  Dry  Steam  consumed  per  hour 

Dry  Steam  consumed  per  hour  by  Turbine 

Dry  Steam  consumed  per  hour  by  Auxiliaries 

Injection  or  Circulating  Water  Supplied  Condenser  per  Hour 

lb. 

lb. 

,  lb. 

lb. 
eu.  ft. 

49  529.20 

49  529.20 

43  553.80 

S  975.40 

40  691.00 

60  797.70 

60  797.70 

56  648.80 

4  148.90 

42  199.20 

79  170.30 

79  170.30 

75  123.90 

4  046.40 

40  594.00 

102  523.90 
102  523.90 

98  495.70 

4  028.20 

44  680.00 

111819.70 
111  819.70 
107  810.20 

4  009.50 

109  681.00 

109  681.00 

105  482.10 

4  200.90 

102  243.10 
102  243.10 
98  302.50 

3  940.60 

112  244.10 

112  244.10 

108  437.60 

3  806.50 

74  517.10 

74  517.10 

70  679.30 

3  837.80 

IS 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Heat  Data 

Heat  Units  per  lb.  of  Dry  Steam,  based  on  Temp,  of  Steam  (Line  3) 
lotal  Heat  Units  consumed  per  hr.  for  all  purposes 

Heat  Units  consumed  per  hr.  by  Turbine  and  Auxiliaries 

Heat  Units  consumed  per  hr.  by  Turbine  alone 

Heat  Units  consumed  per  hr.  by  Auxiliaries 

B.tu. 
B.t  u 
B.tu. 
B.  t.  u. 

B.  t.  u. 

1  105.40 

54  749  577 

54  749  577 

48  144  370 

6  60S  207 

1  101.90 

66  992  986 

66  992  986 

62  421  313 

4  571  673 

1  094.20 

86  628  142 

86  628  142 

82  200  571 

4  427  571 

1  038.80 

111  628  022 

111  628  022 

107  242  118 

4  385  904 

1  092.60 
122  174  204 

122  1  74  204 

117  793  425 

4  380  779 

1  094.80 

120  080  948 

120  030  948 

115  481  SOI 

4  599 145 

1  102.40 
112  712  793 

112  712  793 

108  368  676 

1  113.90 

125  028  702 

125  028  702 

120  788  642 

1  110.50 

82  751  239 

S2  751  239 

78  4S9  363 

Electric  Data 

Average  Volts  Each  Phase 

Average  Amperes  Each  Phase 

Total  Kilowatt  Output 

Power  Factor 

Output  consumed  by  Exciter 

Net  Kilowatt  Output 

Volts 
Amperes 
k.  w. 

k.  w. 
lew. 

6  600 

66.60 

682.21 

89.20 

15.96 

666.25 

6  600 

153.50 

1  486.98 

97.50 

16.19 

1  470.79 

6  600 

196.80 

2  178.00 

96.80 

17.21 

2  160.79 

6  600 

263.00 

2  893.77 
96.30 
21.26 

2  872.51 

6  600 
272.00 

3  021.4S 
97.30 
19.96 

3  001.52 

6  600 

265.00 

2  960.10 

97.80 

20.65 

2  939.4S 

6  678 
284.00 

3  152.16 
96.10 
24.79 

3  127.37 

6  570 

327.60 

3  630.33 

97.50 

25.07 

6  660 

185.00 

2  194.63 

97.60 

19.18 

Speed 

Revolutions  per  Minute 

Variation  of  Speed  between  no  Load  and  Full  Load 

r.  p.  m. 
Percent 

1  500 

0.00 

1  500 

0.00 

1  SOO 

0.00 

1  476 

1.60 

1458 

2.80 

1  465 

2.30 

1  4S7 

1  458 

1  494 

28 

29 

Power 

Brake  Morsepower 

Electrical  Horsepower 

Br.  h.  p. 

h.  p. 

1  168.85 
914.49 

2  256.13 

1  993.27 

3  207.91 

2  919.57 

4  198.79 

3  879,05 

4  355.10 

4  050.24 

4  270.40 

3  967.96 

4  546.38 

5  162.69 

3  224.40 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Economy  Results 

Heat  Units  consumed  by  Turbine  and  Auxiliaries  per  brake  h.  p.  hr. 

Dry  Steam  consumed  per  brake  h.  p.  hr.  by  Turbine  and  Auxiliaries 

Dry  Steam  consumed  per  brake  h.  p.  hr.  by  Turbine  alone 

Dry  Steam  consumed  per  brake  h.  p.  hr.  by  Auxiliaries 

Dry  Steam  consumed  per  k.  w.  hr.  by  Turbine  and  Auxiliaries 

Dry  Steam  consumed  per  k.  w.  hr.  by  Turbine  alone 

Dry  Steam  consumed  per  k.  w.  hr.  by  Auxiliaries 

B.  t.  u. 
lb. 
lb. 
lb. 
lb. 
lb. 

Ib. 

46  841 

42.37 

37.26 

5.11 

74.34 

65.37 

8.97 

29  694 

26.95 

25.11 

1.84 

41.34 

38.52 

2.82 

27  004 

24.68 

23.42 

1.26 

36.64 

34.77 

1.87 

26  586 

24.42 

23.46 

0.96 

35.69 

34.29 

1.40 

28  053 

25.67 

24.75 

0.92 

37.25 

3S.92 

1.33 

28119 

25.69 

24.70 

0.98 

37.31 

35.88 

1.43 

24  792 

22.49 

21.62 

0.87 

32.69 

31.43 

24  218 

21.74 

21.00 

0.74 

31.13 

30.08 

25  664 

23.11 

21.92 

1.19 

34.25 

32.48 

Efficiency  Results 

Thermal  Efficiency  Ratio  per  Brake  Horsepower 

Ratio  of  Economy  of  Turbine  to  that  of  an  Ideal  Turbine  Working  with  the 
Rankine  Cycle 

Percent 

0.0618 

0.2288 

0.092 

0.2257 

0.0993 

0.2143 

0.0996 

0.2063 

0.0941 

0.2105 

0.0941 

0.2165 

0.1068 

0.2271 

0.0188 

0.1045 

Work  Done  Per  Heat  Unit 

39 

Foot  pounds  of  Net  Work  per  B.  t.  u.  consumed  by  Turbine  and  Auxiliaries 

(1,980,000  -i-  Line  30) 

ft.  lb. 

42.10 

66.70 

73.30 

74.50 

70.60 

70.40 

79.90 

81.70 

77.20 
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fj=  Initial  temperature  of  absorbing:  water,  deg.  Fahr. 
t2=  Final  temperature  of  absorbing  water,  deg.  Fahr. 
t  =  Intermediate  temperature  of  absorbing  water,  deg.  Fahr. 
Q  —  Heat  absorbed,  B.  t.  u. 


w 


w  —  Weight  of  water  circulated  per  minute,  pounds. 
Q  =  W  (t2  —  tx) 


A  is  figured  from  the  formula  Q=  W  ( T  —  tj 


1 


,0?10  (  1  _  ) 
v  W  (T  —  t,)  7 

A  = - - - - 

6  1og10e 

€  =  2.71828  =  Base  of  Xaperian  Logarithms. 


t 


=  T 


T —  t, 


2000  Q 

w~~ 


2000  (T  tx) 


REGENERATOR  TESTS  (REGENERATIVE  PERIOD) 


Table  No.  3 


V  =  Volume  of  receiver  spaces,  cubic  feet. 

W  =  Weight  of  heat  absorbing  water,  pounds. 
m  =  Pounds  of  steam  per  minute  from  the  regenera¬ 
tor. 

#3=  Temperature  of  steam  entering  the  regenerator, 
deg.  Fahr. 

t2=  Final  temperature  of  absorbing  water,  deg.  Fahr. 

Initial  temperature  of  absorbing  water,  deg.  Fahr. 
S3=  Specific  volume  of  steam  at  a  temperature  t? 

S x=  Specific  volume  of  steam  at  a  temperature  tx 
H 3—  Total  heat  of  steam  at  a  temperature  /3 
H2=  Total  heat  of  steam  at  a  temperature  t2 
S1=  Total  heat  of  steam  at  a  temperature 
$  (t3  to  t2)=  Time  in  seconds  for  receiver  expansion  from  ts 

to  t2 

0  ( hH  to  /,)  =  Time  in  seconds  for  regenerator  expansion  com¬ 
plete  from  1 3  to  fj 


6  (f3  to  t2) 
9  (t3  to  tx) 


60  V  [ 0.0389  (*8  —  t2)  —  270  log10 

II  n 


[• 

60  nv  —  4 
m  L  0.3745 


J 


U 


tog,  +  0.0389  V  (t,  -<,)  ] 
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Q  (actual  heat  storage)  =  W  ( t2  —  £,)  -f-  V  f  — J — - 

'  ‘S3 

Q  (theoretical  heat  capacity)  —  Q  (^3 — ti  )  +  v  (H~~ 

\  S3 

Efficiency  =  Q  (actual  heat  storage) 

Q  (theoretical  heat  capacity) 
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NOTES  ON  SPECIFICATIONS  FOR  REGENERATORS 

By  0.  P.  Hood* 

The  following  notes  are  offered  as  a  result  of  some  ex¬ 
perience  in  testing  a  regenerator  installation  in  the  effort  to 
discover  whether  a  contract  specifying  certain  capacity  and  per¬ 
formance  had  been  fulfilled.  It  was  desired  by  the  buyer  that 
the  regenerator  usefully  employ  the  exhaust  steam  from  a  large 
hoisting  engine  having  two  cylinders  52  in.  by  84  in.,  the  engine 
running  non-condensing. 

There  was  about  900  to  1000  pounds  of  dry  exhaust  steam 
available  from  each  full  hoisting  period  of  about  two  minutes 
with  an  interval  of  about  five  minutes  between  hoists.  The 
hoisting  was  in  balance  from  depths  of  about  5000  feet.  The 
rope,  skip  and  loads  were  heavy  and  the  torque  requirements 
varied  between  wide  limits,  so  that  during  the  first  part  of  the 
accelerating  period  steam  was  used  non-expansively  the  full 
length  of  the  stroke,  while  during  the  latter  part  of  the  hoist 
the  cut  off  was  exceedingly  short  and  expansion  continued  below 
atmospheric  pressure.  The  heavy  exhaust  of  the  first  period 
was  a  very  evident  waste,  so  that  a  proposition  that  would  engage 
to  retain  this  steam  and  return  a  useful  product  was  looked 
upon  with  favor.  The  matter  was  first  taken  up  in  1905,  when 
the  regenerator  was  a  new  thing  in  this  country.  Foreign  ex¬ 
perience  had  been  confined  to  much  smaller  engines  serving 
shallower  mines.  At  that  time  the  agreement  the  buyer  was 
asked  to  sign  contained  the  following  statement: 

“The  capacity  of  the  regenerator  plant  shall  be  sufficient 
to  handle  the  maximum  hourly  rate  of  delivery  (of  exhaust 
steam)  to  the  best  practical  advantage.’* 

The  buyer  decided  that  such  a  statement  of  capacity  was 
entirely  too  indefinite  to  insure  a  device  that  would  use  a  fair 
proportion  of  his  waste  product  and  insure  no  interference  with 
the  hoisting  function.  At  this  time  there  was  great  difficulty  in 
getting  into  a  contract  a  clear  statement  of  just  what  such  a  de¬ 
vice  would  do  expressed  in  quantities  which  could  be  measured 

*Chief  Mechanical  Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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by  test,  and  I  believe  there  is  still  some  difficulty  in  this  regard. 
After  some  years  of  consideration  an  installation  was  finally  made 
the  contract  containing  the  following  statement:  “The  regenera¬ 
tor  will  be  of  sufficient  size  to  operate  a  300  k.w.  turbine  unit  for 
a  period  of  five  minutes  after  the  supply  of  steam  is  shut  off.” 
This  was  a  fairly  definite  statement  of  capacity  of  output  readily 
determined,  but  this  was  qualified  by  a  further  statement  which 
was  intended  to  cover  the  capacity  of  input  as  follows:  “Pro¬ 
vided  the  supply  has  been  maintained  for  a  sufficient  time  to 
provide  as  many  heat  units  as  the  containing  water  will  absorb 
at  the  operating  pressure;”  that  is  to  say,  whether  the  device 
was  efficient  in  absorbing  heat  or  not,  the  buyer  was  asked  to 
supply  steam  until  the  absorption  was  complete.  This  was  of 
course  very  indefinite  and  unsatisfactory,  as  it  established  no 
standard  of  rate  of  absorption  whatever,  but  the  state  of  the 
art  apparently  made  no  more  satisfactory  statement  possible  at 
that  time.  It  was  further  stipulated  that  “An  automatic  re¬ 
lease  valve  will  be  provided  to  allow  a  free  escape  of  the  steam 
when  the  pressure  exceeds  one  .pound  above  the  present  exhaust 
pressure."  This  latter  statement  was  very  important.  It  seeming¬ 
ly  gave  something  definite  to  measure  and  limited  the  effect  which 
the  regenerator  might  have  on  the  hoisting  engine  to  an  in¬ 
creased  back  pressure  of  one  pound.  We  now  know  that  this 
limit  was  probably  lower  than  one  had  a  right  to  expect,  but 
this  and  the  previous  unsatisfactory  provision  go  to  show  the 
lack  of  sufficiently  definite  information  to  make  a  contract  safe 
for  both  buyer  and  seller.  It  is  evidently  to  the  advantage  of 
the  regenerator  to  have  as  wide  a  range  of  pressure  as  possible. 
There  are  many  objections  to  running  the  pressure  below  the 
atmosphere  on  such  a  hoist.  The  lower  regenerator  pressure  was 
therefore  limited  to  approximately  atmospheric  pressure.  The 
superior  pressure  allowed  on  the  regenerator  adds  to  the  back 
pressure  on  the  engines,  and  this  addition  increases  their  normal 
steam  consumption.  It  is  between  these  narrow  limits  of  pres¬ 
sure  that  the  regenerator  must  run.  With  increasing  back  pres¬ 
sure  there  comes  a  condition  where  the  saving  at  the  exhaust 
end  of  the  operation  is  more  than  offset  by  the  cost  of  the  added 
steam  needed  by  the  main  engines  and  the  added  auxiliaries. 
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At  one  period  in  the  development  of  the  installation  referred  to, 
which  was  changed  or  readjusted  several  times,  the  added 
amount  of  steam  required  by  the  plant  could  have  been  used 
directly  in  a  plain  slide  valve  engine  belted  to  a  generator  and 
have  returned  as  much  current  as  was  obtained  from  the  turbo 
regenerator  unit  which  wTas  intended  to  save  the  whole  exhaust. 
It  is  not  sufficient  to  point  out  that  steam  is  used  in  such  a 
combination  somewhat  as  in  a  compound  condensing  unit  and 
that  therefore  economy  must  follow,  for  most  regenerator  plants 
are  not  of  sufficient  capacity  to  prevent  the  blowing  to  waste  of  a 
considerable  quantity  of  exhaust  steam  on  peak  loads  in  each 
cycle.  This  portion  of  the  steam  is  therefore  used  in  a  very 
uneconomical  manner  and  lowers  the  general  efficiency  of  the 
whole  operation  materially.  This  is  one  reason  why  some  plants 
of  this  kind,  although  returning  a  product  from  exhaust  steam, 
are  unable  to  drop  any  boiler  capacity  as  a  result  of  the  installa¬ 
tion.  From  a  comparison  of  continuous  indicator  cards  for  a 
full  hoisting  cycle  under  several  conditions  of  back  pressure  the 
conclusion  was  reached  that  for  this  plant  about  three  percent 
increase  in  steam  was  required  for  each  added  pound  of  back 
pressure  on  the  engine,  and  as  the  regenerator  was  unable  to 
retain  all  of  the  normal  exhaust  this  increase  would  be  fatal  to 
ultimate  economy  unless  the  back  pressure  could  be  kept  low 
or  the  capacity  increased  to  hold  all  of  the  exhaust.  The  device 
as  first  installed  increased  the  back  pressure  8  or  10  lb.  and  re¬ 
quired  25  to  30  percent  increase  in  steam  used  by  the  plant. 

In  testing  the  plant  to  determine  whether  the  agreements 
had  been  fulfilled  it  was  necessary  to  measure  the  electrical  out¬ 
put,  to  measure  the  time  during  which  no  exhaust  steam  came 
from  the  hoist,  to  record  the  succession  of  hoisting  events,  and 
to  determine  the  added  back  pressure  on  the  hoist.  The  electrical 
measurements  presented  no  special  problem.  To  record  time 
simply  by  a  stop  watch  and  then  to  keep  records  by  notes  led 
immediately  to  differences  of  opinion  and  to  different  records 
as  to  the  facts.  There  was  no  way  of  determining  which  record 
was  right  without  a  graphical  record  of  events.  A  circular  time 
chart  recording  pressures  radially  was  considered  unsatisfactory, 
as  the  time  space  record  is  too  short  and  with  a  hoist  the  pressure 
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variations  came  too  close  together  to  give  legible  records.  A 
satisfactory  record  was  made  on  a  lead  faced  roll  of  paper 
traveling  about  1  1-3  inches  per  minute  upon  which  minutes  were 
marked  by  a  clock  mechanism.  On  this  roll  there  were  recorded 
atmospheric  pressure,  pressure  in  the  regenerator,  duration  of 
opening  of  the  relief  valve  on  the  regenerator,  and  duration  of 
admission  of  live  steam  to  the  turbine.  On  this  same  paper 
were  recorded  all  other  observations  such  as  load,  vacuum,  steam 
pressure  on  the  hoist,  character  of  hoisting  and  other  remarks. 
This  gave  the  time  of  each  observation  and  its  relation  to  the 
other  rapidly  changing  variables,  which  was  found  to  be  very 
useful.  I  believe  some  such  graphical  record  absolutely  neces¬ 
sary  in  a  test  of  this  kind. 

The  apparently  simple  condition  of  the  contract  that  there 
should  be  “a  free  escape  of  the  steam  when  the  pressure  exceeds 
one  pound  above  the  present  exhaust  pressure’’  proved  to  be 
far  from  simple  in  determination.  The  designers  of  the  regen¬ 
erator  had  first  to  determine  what  the  old  back  pressure  was  in 
order  to  discover  the  range  of  pressure  they  could  work  with 
and  therefore  the  size  of  the  device.  There  may  be  a  very  hon¬ 
est  difference  of  opinion  as  to  the  meaning  of  the  phrase  “back 
pressure”  and  also  several  very  poor  ways  of  determining  what 
it  is.  One  way  would  be  to  ask  somebody  and  thus  put  the 
responsibility  on  someone  else.  They  may  guess  at  it.  It  is 
surprising  how  often  this  is  done.  Another  way  would  be  to 
connect  a  steam  gage  to  the  exhaust  line  with  a  small  pipe 
of  greater  or  less  vertical  and  horizontal  extension  so  that  with 
a  violent  exhaust  the  inertia  of  a  small  pipe  full  of  water  would 
hammer  the  gage  and  at  slow  running  with  an  initial  exhaust 
pressure  below  the  atmosphere  the  inertia  and  the  weight  of  the 
column  of  water  would  hang  on  the  gage.  By  a  suitable  com¬ 
bination  of  these  elements  one  can  get  any  back  pressure  desired 
and  all  of  them  wrong.  Third,  one  may  try  to  take  the  back 
pressure  from  continuous  cards  using  a  60  lb.  spring.  This  is 
equally  futile,  as  the  spring  is  too  stiff  to  show  the  small  pres¬ 
sures  and  the  exhaust  lines  on  closed  continuous  diagrams  are 
usually  too  confused  to  interpret.  The  exhaust  pressure  line 
may  be  different  for  each  stroke  of  a  hoisting  engine — which 


z  44  Aim  J 


u»tA/  Guyno// 


Jl?  \ 


**  v  ooe 


sse 


<i> 

P 


co 

w  II 

£  p 

^  g 

•r-H 

feC 

G  rH 
£  •■ 
£  bo 

co  G 

•  r— < 

£  & 

cC  CC 

SC  =M 

cfe  O 

P  jU 

c  « 
£  c£ 

£ 

oJb 
<p  g 

Jh  ^ 

3  <D 

CO  rQ 
CO  o 

a>  £ 

5  c 

P  <p 


_J  V 

.  o 

o  ^ 

5  <u 

Z  G2 

£  ° 

TO  -M 

-G  G 

O  *- 

w  cp 


CD 

fee 


s*// 

4 


/M>  (?£?£■ 


7 


/ 

! 


i  /S'  // 


Af>'C,c/<r 


0) 

P 


CO 

<p 

55 

CO 

CO 

CP 

J—  n 


P 

be1 


M  fee 

£.£ 
G  ~ 
s-  a 
feD  C/2 
G 

Q  o 

<u  5 

£  *3 

.3  a 

Eh  CG 


O  bjQ 

b  c 

I—*  *»— ' 

w  5 

03  ,G 
^  O 

P  g 

<p 


U2 

6 

Z 


G 

r-j 

U 


t- 

0) 

■w 

CM 

G 

t-c 

O 

-M 

G 

f-i 

<P 

G 

<P 

fee 


•7/  j, 


S7C 


HOOD — SPECIFICATION  DETAILS  FOR  STEAM  REGENERATORS  45 

of  these  strokes  then  shall  be  taken  to  represent  the  “back 
pressure  ?  referred  to  in  a  contract?  The  average  back  pres¬ 
sure  for  a  stroke  during  the  accelerating  period  may  be  a  pound 
or  two  greater  than  for  a  stroke  during  the  retarding  period, 
and  this  pound  or  two  is  a  considerable  proportion  of  the  full 
range  of  pressure  allowed  in  a  regenerator. 

The  most  satisfactory  method  of  determining  the  back 
pressure  would  be  to  take  continuous  indicator  diagrams  of  the 
open  type  using  a  light  spring  arranged  with  a  positive  stop  so 
that  pressures  beyond  the  range  of  the  spring  would  not  in¬ 
jure  it.  The  average  back  pressure  for  each  stroke  of  the  cycle 
could  then  be  plotted  as  an  ordinate  with  the  number  of  the 
stroke  as  a  base  thus  giving  a  curve  representing  the  many 
back  pressures  through  the  cycle.  Such  curves  obtained  under 
different  conditions  would  be  comparable  and  the  pressure  range 
allowed  between  them  could  be  a  definite  matter  of  contract. 
While  this  procedure  is  desirable  such  indicators  are  by  no 
means  common.  A  reasonably  good  substitute  may  be  found  in 
a  diagram  traced  on  a  paper  having  a  slow  uniform  motion  at 
right  angles  to  the  movement  of  an  ordinary  indicator  pencil, 
the  indicator  having  a  light  spring  and  mounted  with  a  very 
.short  connection  on  the  exhaust  pipe  as  close  to  the  engine  ns 
possible. 

In  such  a  diagram  the  instantaneous  exhaust  pressures  may 
throw  the  pencil  too  high  but  where  the  pencil  dwells  the  long¬ 
est  a  dark  band  is  traced  which  corresponds  fairly  closely  to  the 
mean  back  pressure.  During  the  latter  part  of  the  hoisting 
cycle  the  exhaust  pressure  at  release  is  below  the  atmospheric 
pressure  causing  an  inrush  of  air  into  the  exhaust  pipe  which 
air  must  later  be  reversed  and  pushed  out  of  the  cylinder  and 
exhaust  pipe.  This  lowers  the  average  exhaust  pressure  of  the 
whole  cycle  very  materially.  In  the  large  engines  referred  to 
the  average  back  pressure  with  free  exhaust  was  found  to  be 
something  less  than  one  pound,  although  six  or  eight  pounds 
had  been  assumed  as  the  back  pressure. 

It  seems  to  me  desirable  that  in  specifications  for  such 
installations  the  method  of  determining  the  back  pressure  on 
the  engines  should  be  a  part  of  the  contract,  as  well  as  the 
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allowed  addition  of  pressure  imposed  by  the  regenerator. 

It  is  also  desirable,  when  applied  to  the  exhaust  of  a  hoist 
or  similar  engine,  that  the  regenerator  pressure  be  automatically 
adjusted,  according  to  the  load  on  the  turbine,  if  this  is  a  vari¬ 
able.  It  may  frequently  happen  that  the  load  on  the  turbine 
is  light,  not  requiring  the  full  capacity  of  the  regenerator,  at  a 
time  when  a  large  amount  of  exhaust  steam  is  available.  It  is 
evidently  uneconomical  if  this  exhaust  must  be  made  under 
conditions  of  increased  back  pressure  which  is  beyond  the  re¬ 
quirements  and  the  capacity  of  the  regenerator. 

Although  great  savings  can  be  made  by  the  use  of  regenera¬ 
tors  attached  to  hoisting  engines,  it  takes  only  small  additions 
of  back  pressure  in  connection  with  regenerators  of  insufficient 
capacity  to  change  an  apparent  saving  at  the  exhaust  into  an 
actual  loss  at  the  coal  pile,  and  many  plants  are  so  intercon¬ 
nected  with  other  engines  as  to  make  the  facts  very  difficult  to 
discover. 


EXPERIMENTS  WITH  A  SMALL  STEAM  REGENERATOR 

By  C.  L.  W.  Trinks* 

In  Mr.  Gasche’s  memorable  paper  on  Steam  Accumulators 
an  absorption  coefficient  K  for  induced  current  regenerators  is 
used,  and  the  desirability  of  making  tests  for  the  determination 
of  that  coefficient  is  emphasized.  Since  I  had  some  doubts  on 
the  coefficients  used  in  Mr.  Gasche’s  illustrative  case,  I  set  out 
to  investigate  an  induced  current  regenerator. 

While  I  have  no  commercial  regenerator  at  my  disposal, 
1  had  an  experimental  one  made  of  20  in.  pipe.  The  inside 
parts  were  made  of  galvanized  iron.  A  relief  valve  was  pro¬ 
vided  and  a  combination  of  a  spraying  tank  and  a  steam  sep¬ 
arator  was  used  to  insure  commercially  dry  steam.  This  ap¬ 
paratus  is  at  the  present  reading  still  set  up  in  the  Mechanical 
Engineering  Laboratory  of  the  Carnegie  Institute  of  Technology. 
A  test  showed  that  even  with  moderate  amounts  of  steam  flowing 

’Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology,  Pitts¬ 
burgh. 
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a  large  percentage  of  the  steam  passed  through  the  water  with¬ 
out  being  absorbed,  although  there  was  a  considerable  tempera¬ 
ture  difference  between  the  entering  steam  and  the  water.  A 
study  of  the  situation  convinced  me  that  tests  on  this  regenera¬ 
tor  would  be  of  no  more  use  to  engineers  than  the  test  on  any 
other  regenerator  and  that  it  would  furnish  only  the  absorbing 
characteristics  of  this  particular  piece  of  apparatus  without 
allowing  inferences  and  conclusions  of  a  more  general  nature. 


Fig.  13.  Apparatus  for  Total  Absorption  of  Single  Jet  of  Steam. 

For  this  reason  I  decided  to  change  the  method  of  at¬ 
tack  and  to  approach  the  problem  by  the  study  of  the  elements, 
keeping  as  many  factors  constant  as  possible  and  varying  only 
one  at  a  time.  While  in  the  ordinary  regenerator  temperatures 
and  pressures  are  continually  changing,  I  kept  temperature, 
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pressure  and  water  level  constant  by  the  addition  of  cold  water 
and  by  the  discharge  of  hot  water.  In  order  to  see  what  was 
going  on  I  used  glass  containers.  See  Fig.  13.  Steam  was  added 
in  such  quantities  that  all  of  it  was  just  absorbed  at  the  surface 
of  the  water.  The  slightest  increase  in  the  quantity  of  steam 
caused  the  steam  jets  to  become  short  and  the  temperature  to 
fall.  This  condition  represents  the  limit  of  total  steam  ab 


Fig.  14.  Element  of  an  Experimental  Rateau  type  Regenerator. 

sorption  for  the  given  discharge  oritice,  temperature  difference, 
and  depth  of  immersion.  The  equilibrium  is  unstable  and 
needs  constant  attention  and  frequent  regulation. 

At  first  I  used  a  single  jet  of  steam,  the  shape  of  which 
was  somewhat  of  a  surprise  to  all  who  witnessed  the  test.  We 
expected  to  see  bubbles  rise  through  the  water,  but,  instead,  the 
jet  expanded  to  at  least  four  times  the  size  of  the  pipe  opening 
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and  looked  very  much  like  an  unsteady  flickering  flame,  tlu 
top  of  which  was  darting  hither  and  thither.  From  t his 
simple  experiment  the  rate  at  which  steam  can  be  absorbed  with 
varying  temperature  differences  and  with  varying  depth  of 
immersion  was  found  for  a  single  opening  directed  upwardly. 
The  rate  at  which  steam  can  be  absorbed  was  found  to  be  direct¬ 
ly  proportional  to  the  temperature  difference  and  to  the  depth 
of  immersion.  The  unexpected  spreading  of  the  steam  jet  was 
probably  due  to  the  resistance  which  it  found  against  the  water 
in  trying  to  rise. 

A  small  box  was  then  used  resembling  a  section  of  a  re¬ 
generator  element.  It  wras  discovered  that  the  steam  coming 
out  of  the  lateral  holes  spread  to  such  an  extent  that  the  steam 
jets  interfered  with  each  other  which  fact  will  be  dealt  with 
in  detail  further  on.  It  wras  also  discovered  that  the  kinetic 
energy  of  the  downward  flow'  of  the  steam  caused  an  excess¬ 
ively  large  amount  to  be  discharged  at  the  bottom  opening. 
Hence  a  newr  and  larger  section  was  made ;  it  was  designed  in  a 
manner  similar  to  the  element  used  by  Mr.  Rateau.  The  il¬ 
lustration  Fig.  14  show's  the  design  of  this  element.  At  this 
stage  the  large  w'ide  mouthed  bottles  which  had  been  used  up  to 
this  time  had  to  be  abandoned  on  account  of  insufficient  size 
and  large  jars  of  storage  battery  cells  were  substituted.  These 
proved  to  be  very  troublesome  because  they  invariably  cracked 
after  one  test.  Finally  a  large  fish  bowl  w'as  substituted  which 
stood  the  change  of  pressure  and  temperature  remarkably  well. 

From  Fig.  14  it  will  be  noticed  that  this  regenerator  ele¬ 
ment  was  provided  with  a  baffle  so  as  to  produce  induced  cir¬ 
culation.  The  left  hand  part  of  Fig.  15  show's  approximately 
the  appearance  of  the  steam  jets.  It  will  at  once  be  seen  that 
the  shape  of  steam  jet  as  indicated  in  the  paper  by  Mr.  Gasche 
and  in  the  catalogue  of  the  Rateau  regenerator  company  is 
purely  imaginary.  Steam  does  not.  rise  in  a  series  of  bubbles, 
but  spreads  laterally  immediately  after  leaving  the  holes  and  is 
forced  flat  against  the  w'alls  of  the  steam  box,  thus  offering 
practically  a  vertical  wall  of  contact  between  the  steam  and 
w'ater.  The  results  of  these  tests  are  given  in  the  curve.  Fig.  16. 
It  will  be  seen  that  complete  steam  absorption  with  small  temper- 
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• 

ature  differences  necessitates  a  very  slow  rate  of  flow  of  steam 
and  discharge  through  the  upper  row  of  holes  only.  If  com¬ 
plete  absorption  of  steam  and  discharge  through  several  rows  of 
holes  is  wanted  the  temperature  difference  between  the  steam 
and  water  must  be  quite  excessive.  With  permissible  tempera¬ 
ture  difference  and  for  complete  absorption  of  steam  a  hori¬ 
zontal  length  of  absorbing  surface  of  about  three  miles  will  be 
necessary  for  an  ordinary  55  by  60  reversing  engine  doing 


Fig.  15.  Appearance  of  Steam  Jets  in  Experimental  Regenerator. 
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medium,  heavy  work  at  60  r.  p.  in.  This  figure  is  based  on  15 
deg  Fahr.  temperature  difference  and  a  four  inch  depth  of 
immersion.  If  three  regenerators  were  used,  each  with  four 
absorbing  surfaces,  and  if  the  depth  of  immersion  be  increased 
to  10  in.,  then  the  length  of  the  regenerator  could  be  reduced 
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Fig.  16.  Rate  of  Total  Absorption  under  varying  conditions. 

From  this  short  calculation  it  is  at  once  evident  that  re¬ 
generators  as  designed  now  cannot  absorb  all  of  the  steam  which 
comes  from  a  reversing  mill  engine  unless  the  temperature  dif¬ 
ference  is  excessive.  For  total  absorption,  regenerators  would 
have  to  be  redesigned  in  the  shape  of  multiple  flat  boxes  with 
considerable  less  depth  of  immersion  and  only  one  row  of  holes. 

While  such  a  design  of  regenerator  would  be  'theoretically 
perfect,  it  is  probably  commercially  impossible  on  account  of  the 
cost.  We  must,  therefore,  make  up  our  minds  that  varying 
fractions  of  the  steam  sent  from  the  engine  must  be  discharged 
into  the  space  above  the  water,  either  raising  the  pressure,  go¬ 
ing  to  the  turbine,  or  escaping  through  a  relief  valve. 
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For  the  purpose  of  testing  steam  absorption  under  con¬ 
ditions  of  heavier  steam  flow,  arrangements  were  made  to  work 
with  an  open  outlet  and  to  measure  the  escaping  steam  by  ab¬ 
sorption  in  cold  water.  This  however,  proved  to  be  impractical, 
because  the  escaping  steam  was  full  of  water.  Hence  the  total 
amount  of  steam  flowing  was  determined  after  each  test  by 
increasing  the  water  flow,  leaving  the  steam  flow  constant  and 
making  a  heat  balance  with  total  absorption. 

It  was  found  that  with  a  comparatively  small  quantity  of 
steam  passing  off  unabsorbed,  the  rate  of  steam  absorption  could 
be  vastly  increased,  namely  from  five  to  ten  times,  depending 
upon  the  rate  of  flow.  A  faster  flow  lifts  the  water  higher,  so 
that  first  the  length  of  water  and  steam  contact  is  increased, 
and  second  the  water  falls  back  through  the  steam  space,  ab¬ 
sorbing  more  heat,  (see  right  hand  portion  of  Fig.  15),  further¬ 
more  the  mixture  of  steam  and  water  appears  to  be  more  inti¬ 
mate  in  the  “boiling  wave.” 

There  is  then  no  well  defined  limit  to  the  steam  absorption. 
With,  increased  flow  more  is  absorbed,  but  the  w'ater  is  lifted 
so  high  and  the  steam  passing  through  entrains  so  much  water 
that  the  operation  of  the  turbine  finally  becomes  dangerous. 

If  we  return  to  the  original  example  of  absorbing  the 
exhaust  of  a  55  by  60  reversing  engine  and  figure  with  ten 
times  the  absorption  allowed  in  the  limiting  condition,  the  length 
of  the  regenerator  would  be  reduced  to  50  ft.  However,  the 
steam  coming  from  the  regenerator  will  now  carry  a  considerable 
amount  of  moisture. 

I  am  convinced  that  by  rebuilding  our  test  apparatus 
even  more  valuable  results  could  be  obtained,  but  such  test 
should  really  be  left  to  the  builders  of  regenerators.  The  tests 
up  to  this  point  have  taken  a  great  deal  of  work  and  time  on 
the  part  of  myself,  of  Mr.  Raisig  and  of  the  laboratory  mechanic 
of  Carnegie  Institute  of  Technology. 

To  sum  up  the  results  obtained :  Steam  absorption  is  pro¬ 
portional  to  temperature  difference  and  to  depth  of  immersion. 
No  well  defined  bubbles  are  found  in  the  Rateau  regenerator, 
but  a  solid  sheet  of  steam.  If  this  sheet  is  to  be  all  absorbed 
without  any  of  it  breaking  through  the  surface,  the  size  of  re- 
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generator  is  commercially  impossible.  By  letting  some  of  the 
steam  pass  through  unabsorbed,  the  rate  of  absorption  can  be 
raised  considerably  and  the  size  can  be  brought  down  to  prac¬ 
tical  limits,  but  the  steam  passing  through  entrains  more  and 
more  water,  as  the  rate  of  flow  is  increased. 

With  regard  to  the  question  whether  it  is  better  to  operate 
compound  reversing  engines  condensing  or  non-condensing,  in 
the  latter  case  using  a  regenerator  and  an  exhaust  steam  turbine, 
it  may  be  of  interest  to  engineers  to  have  a  few  data.  At  a 
recent  test  of  a  compound  reversing  engine  at  the  Youngstown 
Sheet  &  Tube  Co.,  the  following  results  were  obtained:  Steam 
per  i.  h.  p.  hour,  condensing,  21  pounds;  non-condensing  33 
pounds.  This  means  that  over  55  percent  more  is  needed  for 
non-condensing  operation  against  purely  atmospheric  back 
pressure.  I  also  uderstand  that  two  compound  reversing  en¬ 
gines  of  another  make  in  the  Pittsburgh  District  use  35  and  55 
pounds  per  i.  h.  p.  hour  respectively  condensing,  and  non-con¬ 
densing.*  The  ratio  of  saving  by  direct  condensation  is  so 
overwhelmingly  great,  that  a  regenerator  and  turbine  installa¬ 
tion  could  scarcely  produce  similar  results.  Besides,  the  con¬ 
densing  engine  means  a  simpler  and  cheaper  installation. 


DISCUSSION 

Mr.  C.  H.  Smootu'  Mr.  Leahy’s  paper  describes  a  very 
pretty  and  complete  test  of  a  regenerator. 

I  regret  that  the  regenerator  tested  was  not  one  of  our 
type,  as  it  constitutes  a  very  thorough  analysis  of  the  perform¬ 
ance  of  a  regenerator  in  the  hands  of  the  user.  Tt  is  to  be 
hoped  that  some  of  the  operators  of  our  type  of  regenerators 
will  some  time  see  fit  to  make  a  similar  analysis,  so  that  the 
performance  of  the  two  regenerators  can  be  compared  side  by 

side.  The  comparison  of  two  such  tests  would  show  clearlv  how 

* 

the  engineering  problems  have  been  met  in  the  different  de¬ 
signs,  and  the  success  obtained  with  two  different  methods  of 

solving  the  same  problem. 

♦Proceedings  Engineers’  Society  of  Western  Pennsylvania,  Vol.  29,  p.  445  et  seq. 
tChief  Engineer,  Rateau  Steam  Regenerator  Co.,  New  York. 
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To  me,  one  of  the  most  interesting  features  of  the  paper 
is  the  clear  exposition  of  the  limits  of  the  regenerator  tested. 
Mr.  Leahy  has  shown  that  its  rate  of  steam  absorption  is  very 
slow  and  that  several  minutes  are  required  for  the  water  of  the 
regenerator  to  receive  its  full  share  of  steam.  The  tests  which 
we  have  made  on  regenerators,  on  the  other. hand,  show  that  the 
rate  of  absorption  is  very  rapid  and  in  place  of  several  minutes 
being  required  for  the  absorption  to  go  forward,  we  consume  only 
a  few  seconds. 

The  paper  by  Professor  Hood  shows  an  investigation  of  a 
regenerator  which  by  all  means  does  not  work  at  all,  owing  en¬ 
tirely  to  its  failure  to  absorb  steam.  I  am  very  glad  to  learn 
that  this  apparatus  has  been  improved  since  Professor  Hood’s 
tests  and  that  some  regenerative  action  is  now  obtained. 

The  papers  of  Mr.  Leahy  and  Professor  Hood  both  show 
clearly  a  regenerator  which  either  does  not  operate  at  all  or 
which  can  operate  only  in  an  imperfect  manner,  and  also  show 
the  reason  for  the  lack  of  perfection  in  its  performance  is  due 
to  an  insufficiently  rapid  rate  of  absorption.  Both  papers  bring 
forward  very  clearly  the  one  fundamental  and  vital  consideration 
in  regenerator  design,  this  being  the  water  circulation. 

In  the  water  regenerator  the  heat  absorbing  capacitj^  of 
the  water  determines  the  amount  of  steam  which  it  will  absorb. 
The  rate  at  which  the  water  circulation  carries  the  water  into 
the  zone  of  condensation  determines  the  rate  of  absorption  for  a 
given  temperature  between  steam  and  water.  Each  pound  of 
water  passing  through  the  zone  of  condensation  absorbs  a  cer¬ 
tain  amount  of  steam,  consequently  the  amount  of  steam  ab¬ 
sorbed  in  a  certain  time  interval  will  be  proportional  to  the 
quantity  of  water  passing  through  the  zone  of  condensation  in 
the  same  time  interval. 

The  design  of  a  regenerator  is  quite  bad,  or  indifferent,  in 
proportion  to  the  quantity  of  water  which  may  pass  through 
the  zone  of  condensation  in  a  given  interval  of  time.  To  ob¬ 
tain  a  large  quantity  of  water  flowing  each  second  through  the 
zone  of  condensation  requires  either  enormous  velocities,  which 
are  impractical  from  the  energy  point  of  view,  or  very  large 
conduit  areas  must  be  provided  for  the  passage  of  the  water. 
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The  exceedingly  slow  rate  of  absorption  disclosed  by  Mr. 
Leahy’s  paper  for  the  regenerators  which  he  tested  is  due  to 
the  restrictions  placed  in  the  water  circuit.  Referring  to  the 
drawing  of  the  regenerator,  it  will  be  noted  that  all  of  the 
water  which  is  mixed  with  the  steam  must  pass  through  piping 
and  valves.  If  these  pipes  were  made  ten  times  their  cross- 
sectional  area,  the  rate  of  absorption  would  be  ten  times  what 
it  is,  but  would  still  be  much  lower  than  is  obtained  in  the 
Rateau  type  of  regenerators,  in  which  the  area  of  conduit  for  the 
water  circulation  is  one-half  the  entire  horizontal  cross  sec¬ 
tion  of  the  regenerator  vessel. 

Water  is  a  poor  conductor  of  heat  and  consequently  in 
order  to  transfer  heat  from  steam  to  water  a  large  surface 
of  contact  must  be  provided,  and  the  water  must  be  brought 
in  intimate  mixture  with  the  steam.  It  is  not  sufficient  to  have 
plenty  of  water  in  the  regenerator  vessel  ten  feet,  or  even  half 
a  foot  away  from  the  incoming  steam;  in  order  that  all  of  the 
water  within  the  vessel  may  be  useful  for  the  absorption  of 
steam  it  must  all  be  brought  into  intimate  contact  with  the 
steam.  The  slow  rate  of  absorption  observed  by  Mr.  Leahy 
is  due  to  this  condition;  i.  e.,  only  a  small  portion  of  the  water 
at  one  time  can  be  mixed  with  the  steam. 

If  the  regenerator  cannot  absorb  steam,  it  cannot  give  any 
steam  off,  and  its  effectiveness  during  an  interruption  in  the 
supply  of  exhaust  steam  is  determined  by  its  effectiveness  for 
absorbing  steam  during  a  surplus. 

Regenerators  in  commercial  service  frequently  operate  with 
a  temperature  difference  of  one  to  two  degrees  Fahrenheit  be¬ 
tween  incoming  steam  and  water.  With  a  two  degree  tempera¬ 
ture  difference,  approximately  500  lb.  of  water  are  required  to 
condense  one  pound  of  steam,  and  this  500  lb.  of  water  must  be 
brought  in  intimate  contact  with  the  steam.  One  pound  of 
water  heated  two  degrees  absorbs  2 — B.  t.  u. ;  one  pound  of  steam 
at  atmospheric  pressure  has  a  latent  heat  of  some  1000  B.  t.  u. ; 
consequently  500  lb.  of  water  heated  two  degrees  can  condense 
one  pound  of  steam. 

If  the  flux  of  water  be  less,  the  temperature  difference  must 
be  greater,  and  the  effectiveness  of  the  regenerator  reduced. 
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Thus,  100  lb.  of  water  passing  through  the  zone  of  condensation 
for  each  pound  of  steam  require  a  temperature  drop,  or  differ¬ 
ence,  of  10  degrees  Fahr.  between  steam  and  absorbing  water. 

The  regenerators  tested  by  Mr.  Leahy  and  Professor  Hood 
fulfill  only  part  of  the  necessary  conditions  for  absorption.  In 
the  spraying  chamber,  the  water  is  finely  divided  and  brought 
in  intimate  mixture  with  the  steam,  fulfilling  this  part  of  the 
requirements,  but  the  quantity  of  water  so  introduced  is  totally 
inadequate  for  rapid  absorption. 

In  the  regenerators  illustrated  in  Fig.  17,  the  entire  water 
contents  of  the  vessel  can  pass  through  the  zone  of  condensation 
every  few  seconds,  which  makes  it  very  easy  to  obtain  500  lb. 
of  water  and  more  for  each  pound  of  steam  to  be  condensed. 

In  a  regenerator  vessel  such  as  would  ordinarily  be  used- 
in  connection  with  a  1000  kw.  turbine,  from  50  to  100  tons  of 
water  are  contained.  Ordinarily,  we  would  use  about  50  tons. 
This  weight  of  water  can  pass  through  the  condensing  zone  every 
two  or  three  seconds,  which  means  a  water  flux  of  over  1000 
tons  of  water  per  minute,  this  condition  being  adequate  to  main¬ 
tain  a  two  degree  temperature  difference  between  steam  and 
water. 

If  it  were  attempted  to  pass  any  such  quantity  of  water  as 
this  through  piping,  the  size  of  the  pipe  would  be  enormous, 
and  the  regenerator  vessel  would  be  a  physical  impossibility. 

Figure  17  shows  a  diagrammatic  cross  section  of  the  Rateau 
regenerator.  The  entire  horizontal  cross  section  is  divided  in¬ 
to  four  conduits  for  the  upward  flow  of  water  and  three  pass¬ 
ages  for  the  downward  flow  of  water.  The  cross  sectional 
area  for  the  water  circulation  in  the  upward  circuit  measured 
in  square  feet  would  be  the  total  width  between  baffle  plates 
and  narrowed  portion  of  mixing  tubes,  multiplied  by  the  length 
of  the  vessel. 

A  regenerator  suitable  for  a  1000  kw.  turbine  would  be 
at  least  9  ft.  in  diameter  by  50  ft.  in  length,  and  the  cross  sec- 
tional  area  for  the  water  circuit  would  be  some  200  sq.  ft., 
equivalent  to  a  pipe  16  ft.  in  diameter.  It  is  this  large  area 
through  which  the  water  circulation  passes  which  permits  the 
rapid  absorption  rate  m  this  apparatus. 
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The  experiments  of  Professor  Trinks,  while  interesting,  are 
not  pertinent  to  the  regenerator  problem,  since  the  method  by 
which  the  experiments  were  conducted  did  not  allow  for  a  suit¬ 
able  water  circulation.  The  phenomena  to  which  he  calls  our 
attention  has  as  one  of  its  principal  dimentions  the  rate  of  water 
circulation.  If  in  his  fish  bowl  the  water  circuit  was  arranged 
on  a  sufficiently  large  scale  and  suitably  proportioned  for  a 
conservation  of  the  water  motion,  he  would  have  discovered  that 
the  rate  of  circulation  depended  upon  the  quantity  of  steam  in¬ 
troduced,  and  the  limiting  condition  which  he  took  for  his  first 
series  of  investigations  being  the  point  at  which  the  “flame” 
of  steam  just  reached  the  surface  of  the  water  would  have 
been  greatly  increased  because  of  a  better  water  circuit. 


Fig.  17.  Cross  Section  of  Steam  Regenerator. 


Furthermore,  in  all  regenerators  which  are  used  for  prac¬ 
tical  purposes,  there  is  invariably  a  passage  of  some  steam 
through  the  regenerator,  so  that  the  actual  working  of  the  re¬ 
generator  is  the  condition  which  he  noticed,  in  which  there  was 
very  violent  turmoil,  due  to  the  bubbles  of  the  steam  bursting 
from  the  water. 

This  latter  condition  is  the  only  one  which  is  in  any  wise 
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pertinent  to  the  regenerator  problem,  for  when  the  passage  of 
steam  through  the  regenerator  is  relied  on  for  water  circulation, 
it  is  the  passage  of  the  steam  in  part  through  the  water  which 
determines  the  rate  of  heat  absorption  of  the  regenerator. 

Professor  Trinks’  experiments,  therefore,  are  conducted  on 
the  basis,  and  prime  assumption,  that  the  regenerator  is  not 
to  work  as  a  regenerator,  but  merely  as  a  feed  water  heater, 
in  which  heat  is  added  to  water  without  the  steam  flux  regula¬ 
tion  which  is  one  of  the  large  points  of  difference  between  re¬ 
generators  and  feed  water  heaters.  This  latter  point  is  also 
the  explanation  for  his  failure  to  verify  the  experimentally  de¬ 
termined  law  of  Mr.  Gasche:  viz:  That  the  rate  of  steam  ab¬ 
sorption  in  the  induced  circulation  regenerator  is  proportional 
to  the  temperature  difference  between  the  water  and  steam. 
He  has  failed  to  verify  this  observation  through  his  failure  to 
provide  the  essential  consideration  that  the  apparatus  is  to  be 
a  regenerator  and  that,  therefore,  steam  passes  through  the  ves¬ 
sel  and  maintains  a  water  circulation  which  varies  with  the 
quantity  of  steam. 

The  difficulty  which  Professor  Trinks  experienced  in  mak¬ 
ing  experiments  with  the  fish  bowl  apparatus  when  steam  was 
passing  through  the  water  is  due  entirely  to  the  size  of  the  ves¬ 
sel  employed.  He  observed  under  these  conditions  that  the 
water  of  the  vessel  was  entrained  and  carried  away  by  the 
steam.  In  practical  regenerators  the  steam  discharged  is  usually 
dry  and  very  rarely  contains  as  much  as  one  percent  of  moist¬ 
ure.  This  condition  would  have  been  realized,  had  his  vessel 
been  equipped  with  a  steam  space  several  feet  higher,  which 
would  permit  the  gradual  separation  of  the  steam  and  water. 

In  a  practical  regenerator,  the  absorption  and  regeneration 
of  steam  are  always  going  forward  more  or  less  simultaneously. 
Steam  entering  the  vessel  beneath  the  water  level  is  at  slightly 
greater  pressure  than  steam  above  the  water  and  heats  some  of 
the  water  up  to  the  critical  temperature  for  this  greater  pres¬ 
sure.  The  condensation  takes  place  in  a  rising  column  of  water 
and  the  water  which  was  heated  at  the  lower  portion  of  the 
vessel,  on  reaching  the  upper  portion  comes  to  a  lower  critical 
pressure  and  gives  off  some  of  the  steam  which  has  been  ob- 
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served  at  the  lower  point.  This  gives  rise  to  simultaneous  ab¬ 
sorption  and  regeneration,  the  absorption  taking  place  under 
the  influence  of  a  static  head  of  water,  which  is  later  removed, 
allowing  for  a  partial  re-evaporation. 

For  this  reason  a  given  bubble  of  steam  at  the  lower  point 
of  the  condensing  zone  might  be  large ;  condensation  would  oc¬ 
cur,  reducing  its  size ;  the  bubble  rising  through  the  water,  how¬ 
ever,  reaches  a  point  of  lower  pressure,  which  gives  rise  to  the 
re-evaporation  of  steam  on  the  surrounding  walls  of  the  bubble 
and  increasing  its  size. 

It  is  this  same  phenomena  which  explains  that  a  regenera¬ 
tor  can  give  off  all  its  steam  during  its  regenerative  period,  as 
the  circulation  is  maintained  by  the  evolution  of  steam  in  the 
rising  column  of  water,  only  the  water  having  initially  a  cir¬ 
culation,  reduction  in  pressure  causes  the  rising  column  of 
water  to  evolve  more  steam  than  the  descending  column,  since 
in  the  descending  column  the  pressure  on  the  water  is  being 
increased  by  the  static  head  above.  In  the  ascending  column, 
however,  the  vater  is  coming  to  lower  and  lower  pressures,  which 
favor  the  evolution  of  steam  at  this  point.  The  steam  bubbles 
forming  in  the  rising  column  of  water  accelerate  its  circulation 
and  thus  maintain  the  movement  of  water  during  the  regenera¬ 
tive  period  so  that  all  of  the  water  contents  of  the  vessel  come 

to  the  surface,  or  point  of  lowest  pressure,  in  its  passage  around 
the  water  circuit. 

It  is  interesting  to  note  that  the  regenerator  tested  by  Pro¬ 
fessor  Hood  after  the  hoist  had  been  lifting  men,  and  run  for  a 
long  interval,  gave  off  quite  an  appreciable  amount  of  steam 
during  the  regenerative  period,  while  in  working  under  ordi¬ 
nary  conditions,  hoisting  ore,  the  hoisting  engine  working  for 
a  very  short  interval,  but  very  little  steam  was  regenerated. 
The  reason  for  this  difference  in  action  is  obviously  due  to  the 
defective  water  circulation  of  the  regenerator,  the  quantity  of 
water  brought  into  the  zone  of  condensation  being  too  small 
and  requiring  a  long  interval  for  the  storage  of  an  appreciable 
amount  of  steam  to  be  given  off  during  the  regenerative  period. 
This  longer  interval  of  steam  surplus  was  provided  when  hoist¬ 
ing  men,  but  during  the  ordinary  working,  when  hoisting  ore, 
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the  engine  did  not  run  long  enough  to  provide  an  accumulation 
of  steam  within  the  vessel.  If  the  quantity  of  water  passing 
through  the  zone  of  condensation  in  this  regenerator  had  been 
adequate,  no  perceptible  difference  in  the  regenerative  action 
would  be  noticed  and  the  regenerator  would  give  off  its  full 
storage  capacity  of  steam  in  each  interval  of  hoisting. 

Mr.  John  A.  Hunter:*  We  have  installed  at  one  of  our 
plants  two  regenerators  of  the  Rateau  type.  One  of  the  re¬ 
generators  is  eight  feet  in  diameter  by  40  ft.  long  and  has  a 
capacity  of  90  000  lb.  of  water.  This  regenerator  was  installed 
about  five  years  ago.  The  other  regenerator  is  nine  feet  in 
diameter  and  50  ft.  long  and  has  a  capacity  of  126  000  lb.  of 
water.  It  was  installed  about  two  years  ago.  With  the  first 
regenerator  there  was  also  installed  a  low  pressure  500  k.  w. 
turbine.  At  that  time  the  steam  for  operating  the  turbine  was 
taken  from  a  45  in.  by  72  in.  blooming  mill  engine.  At  the 
time  of  the  installation  of  the  second  regenerator,  two  mixed 
pressure  500  k.  w.  turbines  were  installed  and  the  steam  from 
two  44  in.  by  48  in.  bar  mill  engines  exhausted  into  the  system. 
The  general  arrangement  is  somewhat  as  follows: 

All  the  exhaust  steam  is  passed  through  an  oil  separator 
on  the  end  of  a  9000  h.  p.  open  feed  water  heater.  The  steam 
required  for  heating  the  feed  water  is  drawn  into  the  heater, 
the  remainder  passing  over  into  a  receiver  located  between  the 
ends  of  the  regenerators,  from  which  point  the  steam  is  dis¬ 
tributed  into  the  two  regenerators  the  surplus  being  wasted 
through  a  relief  valve  on  top  of  the  receiver.  As  the  mixed 
pressure  turbines  use  high  pressure  steam  more  economically 
then  the  low  pressure  turbine,  it  was  deemed  advisable  to  have 
these  turbines  operate  on  high  pressure  steam  a  greater  pro¬ 
portion  of  the  time  than  the  low  pressure  turbine.  This  was 
accomplished  by  installing  valves  between  the  mixed  pressure 
turbines,  and  regenerators  which  would  close  when  the  pressure 
in  the  system  dropped  to  0.5  pound,  the  governor  of  the  mixed 
pressure  turbine  operating  the  high  pressure  steam  valve.  There 
is  an  electric  controlled  double  valve  in  the  line  to  the  low 

♦Mechanical  Engineer,  American  Sheet  and  Tin  Plate  Company,  Frick  Building, 
Pittsburgh. 
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pressure  turbine  which  closes  when  the  pressure  drops  to 
about  0.25  pound,  and  at  the  same  time  opens  the  high  pressure 
steam  line  which  admits  steam  through  a  reducing  valve  at  about 
0.25  pound  pressure. 

Some  time  ago  w’e  undertook  to  make  a  test  on  the  entire 
system,  similar  to  the  test  conducted  by  Mr.  Leahy.  When 
temperature  charts  were  taken  from  the  two  regenerators  it 
was  found  that  the  small  regenerator  was  doing  very  little  work. 
An  examination  showed  that  some  of  the  baffle  plates  had  been 
broken,  so  that  the  proper  absorbing  effect  could  not  be  ob¬ 
tained.  These  plates  have  been  replaced,  but  due  to  weather 
conditions  we  have  been  unable  to  make  any  complete  tests. 
However,  a  series  of  tests  were  made  shortly  after  the  installa¬ 
tion  of  the  first  regenerator  and  turbine.  On  an  eight  hour  test 
with  the  turbine  operating  at  about  its  rated  capacity  the  re¬ 
generator  supplied  steam  to  operate  the  turbine  after  the  re¬ 
versing  engine  had  stopped  for  periods  varying  from  two  min¬ 
utes  to  three  minutes  and  ten  seconds  as  a  maximum.  The 
length  of  the  regenerative  period  was  of  course  some  function 
of  the  temperature  of  the  water  in  the  regenerator  at  the  be¬ 
ginning  of  this  period,  and  would  depend  on  the  length  of  the 
absorbing  period  and  the  back  pressure  in  the  exhaust  system 
just  previous  to  the  regenerative  period.  The  back  pressure 
varied  from  nothing  to  about  ll/2  pounds.  Since  the  installa¬ 
tion  has  been  completed  the  back  pressure  has  been  reduced  to 
about  4^2  pounds  as  a  maximum. 

Mr.  J.  A.  McCulloch  •*  Under  the  circumstances  of  this 
evening’s  discussion  I  had  not  expected  to  be  called  on.  To¬ 
night’s  proceedings  have  been  given  as  a  discussion  of  Mr. 
Gasche’s  paper  and  we  are  fortunate  in  having  presented  de¬ 
tailed  experimental  data,  for  I  fear  that  cursory  reading  of  that 
excellent  paper  might  lead  to  the  idea  that  speedy  absorption 
is  a  necessity  for  practical  success.  Indeed,  this  idea  has  been 
expressed  by  others  and  some  emphasis  has  been  placed  thereon. 

We  may  question  whether  such  idea  is  correct.  If  it  is 
tenable  it  would  imply  that  the  McKeesport  regenerators  are  a 
failure  but  Mr.  Leahy’s  experimental  results  indicate  that  thev 

"Mechanical  Engineer,  National  Tube  Company,  McKeesport,  Pa. 
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are  a  practical  success  even  though  they  are  very  slow  ab¬ 
sorbers.  A  success,  because  they  seldom  waste  steam  to  at¬ 
mosphere  except  in  the  occasional  event  of  the  two  mills  oper¬ 
ating  in  unison,  delivering  more  steam  to  the  system  than  the 
turbines  can  dispose  of. as  is  evidenced  by  the  fact  that  the  live 
steam  valve  does  not  then  open  within  the  cyclic  time  interval 

which  the  system  was  planned  to  tide  over  by  its  “fly-wheel- 
action.” 

The  conception  that  speedy  absorption  is  requisite  appears 
to  be  founded  on  the  idea  that  the  energy  required  to  cause  cir¬ 
culation  must  be  taken  into  account  in  the  calculation  for  the 
forced  type  but  for  the  induced  type  may  be  ignored.  In 
case  the  forced  circulation  is  produced  by  external  energy  which 
is  relatively  great  compared  to  the  energy  equivalent  of  the  in¬ 
creased  steam  consumption  caused  by  the  back  pressure  which 
induces  circulation,  then  the  latter  may  be  relativelv  negligible, 
but  in  both  the  designs  exhibited  tonight  the  circulation  is  caused 
by  back  pressure.  One  design  is  of  the  forced  type  while  the 
other  is  of  the  induced  type.  In  the  one  type,  the  steam  re¬ 
quired  by  the  turbine  is  by-passed  to  it  without  causing  much 
back  pressure  but  the  excess  steam  causes  a  back  pressure  that 
admits  water  sufficient  to  condense  the  excess.  In  the  other 
type,  all  the  steam  is  forced  through  the  water  and  out  of  the 
submerged  orifices,  the  steam  required  for  the  turbine  being  ob¬ 
tained  by  re-evaporation.  Both  types  causes  back  pressure 
but  one  type  absorbs  slowly  while  the  other  type  absorbs  speed¬ 
ily. 

The  great  similarity  of  the  pressure  charts  exhibited  indi¬ 
cates  that  there  is  reason  to  question  whether  speedy  absorption 
and  re-evaporation  of  the  running  demand  is  more  economical 
than  to  by-pass  that  portion  and  slowly  absorb  the  excess ; 
— whether  speedy  absorption  is  a  necessity. 

The  gieat  similarity  of  the  two  types  both  obtaining  ab¬ 
sorption  at  expense  of  back  pressure,  both  doing  this  in  a  prac¬ 
tically  effective  manner  and  both  at  a  marked  similarity  of  back 
piessure,  indicates  that  whatever  evaluating  process  or  mathe¬ 
matical  analysis  we  use  to  determine  the  energy  causing  ab¬ 
sorption  in  the  one  type  must  also  be  used  for  the  other  type. 
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We  shall  look  eagerly  forward  for  papers  giving  similarly 
full  experimental  data  of  tests  of  other  installations. 

Mr.  L.  Lee  :*  I  am  not  prepared  to  express  an  opinion  on 
the  subject,  as  our  regenerators,  installed  some  four  years  ago, 
are  in  the  same  shape  as  the  one  mentioned  by  Mr.  Hunter. 

Comparing  a  simple  reversing  engine,  exhausting  through 
regenerators  to  mixed  pressure  turbine,  and  a  compound  con¬ 
densing  reversing  engine,  there  is  no  cpiestion  in  my  mind  that 
the  last  named  installation  will  give  better  economy. 

The  fact  that,  after  running  an  installation  with  regenera- 
tois  and  mixed  pressure  turbine,  we  installed  a  compound  con¬ 
densing  engine  on  our  last  blooming  mill  shows  how  we  feel. 

The  points  Prof.  Trinks  brought  up  are  very  interesting, 
although  I  hardly  think  a  test  on  a  small  scale  like  that  can 
compare  with  actual  operating  conditions. 

I  think  that,  with  the  proper  installation  of  regenerators 
and  mixed  pressure  turbines,  such  an  installation  would  show  a 
saving  over  old  installations  of  simple  engine  running  free 
exhaust  of  not  100  percent  but  probably  a  very  good  percent¬ 
age  on  the  investment. 

Mr.  L.  Battu :*  Mr.  Hood’s  paper  is  a  very  interesting 
illustration  of  what  results  can  be  expected  from  the  forced 
circulation  and  induction  types  of  regenerators. 

The  curve  shown  of  the  forced  circulation  regenerator  work¬ 
ing  on  exhaust  of  hoisting  engine  is  a  perfect  demonstration 
that  the  apparatus  did  not  fulfill  the  duty  it  had  to  perform. 

Mr.  Hood  states  further  that  the  apparatus  was  changed 
and  worked  better.  The  alteration  made  in  the  apparatus 
consisted  primarily  in  suppressing  the  forced  circulation  and 
using  induction  instead.  The  way  the  induction  method  was 
applied  was  very  crude  and  the  results  were  consequently  very 
mediocre,  although  an  improvement  was  observed. 

With  a  well  designed  type  of  induction  regenerator  there 
is  no  doubt,  and  this  has  been  demonstrated  in  hundreds  of 
installations,  that  all  the  steam  of  the  hoisting  engine  could  be 
used  m  a  low  pressure  turbine  and  create  a  very  material  saving. 

*Chief  Engineer,  Youngstown  Sheet  and  Tube  Company,  Youngstown.  Ohio. 

President,  Rateau  Steam  Regenerator  Company,  New  York. 
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Referring  once  more  to  Mr.  Hood’s  request  that  some  form 
of  guarantee  be  given  for  the  benefit  of  customers  purchasing 
steam  regenerators,  I  would  suggest  that  the  most  practical 
guarantee  which  can  be  given  on  a  regenerator  consists  in 
measuring  the  pressure  at  the  inlet  and  outlet  of  regenerator 
when  steam  is  flowing  through  it,  thus  obtaining  the  loss  ac¬ 
countable  for  passage  of  steam  through  regenerator  itself  and 
also  to  measure  the  time  which  elapses  before  the  entire  mass  of 
water  contained  in  the  regenerator  arrives  at  its  maximum 
temperature.  Obviously,  the  loss  of  pressure  should  not  be 
greater  than  a  pound  at  the  utmost  and  the  time  required  to 
heat  the  entire  mass  of  water  from  the  lower  to  the  higher 
temperature  should  not  exceed  a  few  seconds. 

In  measuring  the  time  necessary  to  heat  the  water  in  the 
regenerator,  steam  should  be  allowed  to  flow  in  and  out  of 
the  regenerator  in  order  that  the  water  circulation  he  main¬ 
tained.  If  approximately  ten  percent  of  the  steam  is  allowed 
to  flow  out,  this  should  be  quite  sufficient  to  realize  operating 
conditions  at  their  worst  and  give  a  thorough  test  under  most 
severe  conditions  to  the  apparatus. 

The  above  tests  could  be  made  by  the  reading  of  gauges 
and  thermometers,  and  there  is  no  difficulty  for  an  engineer 
to  realize  exactly  what  the  apparatus  is  doing. 

Prof.  Trinks  has  made  tests  which  show  quite  well  that  in 
designing  regenerators,  like  any  other  type  of  apparatus,  pro¬ 
portions  cannot  be  disregarded. 

The  writer  had  the. opportunity  about  twelve  years  ago  to 
see  through  glass  panes  the  interior  of  a  regenerator  working 
on  a  hoisting  engine  exhaust.  Powerful  lamps  had  been  placed 
in  the  regenerator  and  it  was  possible  to  see  the  extremely 
violent  circulation  which  takes  place  in  these  machines. 

The  steam  was  not  in  bubbles  but  in  jets  and  the  agita¬ 
tion  due  to  the  rush  of  water  was  such  that  it  was  quite  im¬ 
possible  to  perceive  the  shape  of  these  jets. 

It  is  quite  true  that  at  the  point  where  the  steam  is  dis¬ 
charged  from  the  water  there  is  a  very  heavy  swell,  a  kind  of 
wave  formation.  This  in  itself  is  a  most  efficient  way  of  mix¬ 
ing  steam  and  water. 
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Regarding  the  quality  of  the  steam  passing  through  the 
spray  of  water,  it  is,  generally  speaking,  dry  saturated  steam; 
remarkably  dry  steam.  This  is  in  no  way  difficult  to  under¬ 
stand  as  the  velocity  of  the  steam  in  the  regenerator  is  low 
and  the  water  is  not  entrained,  as  the  drops  are  quite  large  re¬ 
latively. 

The  water  contained  in  steam  which  can  be  separated  with 
difficulty  is  the  water  in  the  shape  of  mist.  There  is  no  such 
thing  in  a  regenerator.  All  the  mist  is  absorbed  by  the  pas¬ 
sage  of  the  steam  through  the  water. 

Three  very  accurate  tests  have  been  made  on  steam  regen¬ 
erators  having  widely  varying  duties.  The  first  showed  dry 
saturated  steam;  the  second  showed  0.32  of  one  percent,  and 
the  third  showed  1.02  percent  moisture.  The  last  was  made 
in  a  regenerator  where  the  enormous  volume  of  steam  as  com¬ 
pared  with  the  amount  of  water  contained  indicated  that  the 
limit  of  prudence  had  been  reached,  to  say  the  least. 

It  was  stated  tonight  that  back  pressure  due  to  regenera¬ 
tors  was  the  same  with  the  induction  type  or  forced  circula¬ 
tion.  .This  is  quite  an  impossible  suggestion. 

It  is  materially  impossible  to  realize  that  the  same  amount 
of  power  should  be  expended  to  circulate  water  without  lifting 
it  as  to  circulate  it  several  feet  above  its  surface  in  the  same 
quantity  for  the  same  expenditure  of  power. 

A  large  number  of  regenerators  have  been  used  to  regulate 
the  steam  discharge  of  reversing  engines  discharging  into  cen¬ 
tral  condensers.  It  is  customary  to  guarantee  in  such  instances 
that  the  loss  of  pressure  due  to  passage  of  steam  through  the 
regenerator  will  be  less  than  one-fifth  of  a  pound  and  that  the 
vacuum  in  the  condenser  will  not  vary  more  than  TV  in.  of  mer¬ 
cury.  These  results  show  plainly  what  can  be  expected  of  re¬ 
generators. 

Regarding  Prof.  Trinks’  statement  that  the  thermic  effic¬ 
iency  of  a  compound  condensing  reversing  engine  is  superior 
to  a  compound  reversing  engine  with  regenerator  and  low  pres¬ 
sure  turbine  combined,  I  beg  to  differ. 

^  erv  recently  several  new  steel  plants  have  been  built  with 
the  latter  combination  and  the  figures  given  by  Prof.  Trinks  as 
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to  the  performance  of  the  compound  condensing  engine  would 
not  have  been  sufficiently  attractive  to  overcome  the  advantages 
offered  by  the  combination  of  gas  engines  and  electric  motor 
drive. 

Regarding  compound  reversing  steam  engines,  it  is  quite 
customary  abroad  to  use  a  steam  regenerator  working  on  steam 
pressure  ranges  far  below  atmosphere  in  such  a  way  that  the 
compound  engine  works  with  an  exhaust  a  few  pounds  under 
atmospheric  pressure. 

It  is  self-evident  that  in  plants  well  designed  steam  turbines 
must  be  capable  of  using  all  the  steam  discharged  by  the  mill 
engine  and  that  all  overloads  or  steam  deficiencies  be  taken  care 
of  by  high  pressure  steam  used  with  great  economy  in  the  tur¬ 
bine,  which  must  be  built  of  the  mixed  pressure  type;  i.  e., 
having  high  pressure  wheels  as  well  as  low  pressure  wheels,  and 
having  regulating  means  which  respond  both  to  pressure  in 
the  low  pressure  source  just  as  well  as  to  turbine  speed. 

Prof.  Hood  has  suggested  that  the  range  in  pressure  on 
the  regenerator  system  which  controls  the  back  pressure  on  the 
reversing  engine  itself  be  such  that  it  should  vary  in  inverse 
ratio  to  the  turbine  load.  Such  a  device  was  patented  some  four 
or  five  years  ago  and  has  been  used  in  a  few  plants. 

The  loading  of  the  relief  valve  is  subjected  to  the  action 
of  a  piston,  which  is  actuated  on  one  side  by  steam  before  the 
throttle  valve  to  the  turbine,  and  on  the  other  side  by  steam 
taken  behind  the  throttle.  In  this  way  the  operation  of  the  re¬ 
lief  valve  is  dependent  on  the  amounts  of  steam  flowing  into  the 
turbine. 

Mr.  C.  H.  Smoot  :  Speaking  of  regenerators,  there  is  a  very 
important  matter,  from  the  point  of  view  of  economy,  in  a  proper 
use  of  high  pressure  steam  in  the  low  pressure  turbine.  Some 
types  of  turbines  are  not  equipped  with  high  pressure  elements, 
which  can  operate  efficiently  on  high  pressure,  and  in  almost  all 
regenerator  installations  there  occur  periods  when  it  is  advis¬ 
able  for  one  reason  or  another  to  maintain  the  turbine  in  opera¬ 
tion,  even  though  the  supply  of  exhaust  steam  be  inadequate. 
If  the  turbine  as  a  high  pressure  machine  is  inefficient,  there 
would  be  a  loss  of  money  during  its  high  pressure  operation, 
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which  will  detract  from  the  economy  of  the  plant  when  operating 
on  low  pressure.  In  connection  with  the  economical  use  of 
high  pressure  steam  in  a  low  pressure  machine,  the  regulation 
is  a  matter  of  importance  in  that  the  high  pressure  steam  must 
be  admitted  only  when  the  low  pressure  steam  is  deficient  and 
in  a  quantity  sufficient  to  maintain  the  load  of  the  turbine  with¬ 
out  disturbing  its  speed.  The  mixed  pressure  turbine  is  adapted 
for  this  purpose  and  is  so  arranged  that  the  turbine  runs  always 
on  low  pressure  steam  so  long  as  there  is  available  a  sufficient 
supply  and  automatically  takes  just  enough  high  pressure  steam 
to  compensate  for  the  deficiency  in  low  pressure  steam.  To 
obtain  all  of  the  money  value  of  the  high  pressure  steam  used 
under  these  conditions,  the  turbine  must  be  an  efficient  high 
pressure  machine  and  this  requires  that  it  be  equipped  with  a 
separate  high  pressure  element,  which  is  brought  into  action 
only  when  passing  high  pressure  steam. 

The  use  of  regenerators  is  not  limited  to  driving  turbines 
and  very  great  economies  can  be  obtained  from  their  use  for 
the  purpose  of  heating  boiler  feed  water  from  an  intermittent 
engine  exhaust,  as  the  regenerator  can  be  made  to  equalize  the 
flux  of  steam  from  such  an  engine  sufficiently  to  permit  its  ef¬ 
fective  use  in  a  feed  water  heater  whose  arte  of  steam  absorp¬ 
tion  is  necessarily  limited  and  cannot  be  made  to  vary  as  rapidly 

or  through  such  wide  limits  as  the  flux  of  steam  from  the  in¬ 
termittent  engine  will  vary. 

CORRESPONDENCE 

Mr.  F.  G.  Gasche*:  The  investigation  by  Mr.  Leahy  is 
the  most  complete  test  of  regenerator  action  of  which  a  pub¬ 
lished  statement  has  been  made,  and  the  contrast  with  many 
other  “experiences”  is  shown  by  the  broad  minded  liberation  of 

this  splendid  array  of  experimental  data  to  the  Proceedings  of 
the  Society. 

After  a  search  through  the  tabulated  results,  which  are 
clearly  shown  so  far  as  fundamentals  are  concerned,  it  is  mani¬ 
fest  that  the  experiments  and  calculations  have  imposed  a  large 

’Mechanical  Engineer,  Illinois  Steel  Company,  South  Chicago,  Ill. 
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amount  of  work  above  the  requirements  of  simple  commercial 
testing.  By  this  application  on  the  part  of  Mr.  Leahy  and  his 
associates  the  indications  of  theoretical  work  have  been  checked 
by  actual  observations  on  full  sized  apparatus. 

Considering  the  difficulties  in  controlling  the  action  of  such 
a  large  installation  so  that  test  conditions  can  be  maintained, 
and  in  collecting  data  originating  in  simultaneous  observations 
by  a  group  of  assistants  widely  separated  by  their  individual 
duties,  1  think  it  highly  creditable  that  the  consistency  of  re¬ 
sults  shown  in  Tables  No.  2  and  No.  3  is  realized.  The  man¬ 
ner  in  which  the  experiments  were  made  in  order  to  arrive  at 
definite  values  for  the  quantity  A  is  ingenious.  Without  a  re¬ 
view  of  the  matters  related  to  this  characteristic  it  is  alone  an 
indication  of  a  surprisingly  low  heat  storage  capacity  consid¬ 
ering  the  physical  dimensions  of  the  installation.  I  was  dis¬ 
posed  to  credit  this  type  of  regenerator  with  higher  values. 

Mr.  Leahy  has  evaded  the  estimate  of  the  value  of  IT  and  ■ 
for  a  sufficient  reason.  It  may  be  suggested  that  the  in¬ 
creased  back  pressure  due  to  the  spraying  apparatus  alone,  as 
distinguished  from  the  overall  back  pressure  of  the  regenerator 
equipment,  is  an  added  load  on  the  engine.  If  the  steam  rate 
of  the  engine  is  known  the  heat  equivalent  of  the  work  done 
against  this  back  pressure  is  an  approximate  value  of  H\  In 
any  case  the  experiments  and  calculations  must  deal  with  an 
actual  plant  equipment. 

Table  No.  3  gives  the  “ efficiency  of  regenerators”  as  meas¬ 
ured  by  ratios  suggested  in  the  “Theory”,  and  is  remarkable  for 
the  relatively  small  variation  of  efficiency  for  widely  different 
demands  on  the  regenerator  as  shown  in  the  column  headed 
“Actual  Heat  Storage”.  As  in  all  probability  a  “perfect”  re¬ 
generator  absorption  will  not  be  found  in  any  commercial  ap¬ 
paratus,  it  seems  that  the  “efficiency  of  regenerator”  will  yet 
become  a  reasonable  measure  of  the  commercial  value  of  a  given 
type  and  size  of  regenerator  equipment. 

Table  No.  1  gives  pressures  at  the  steam  pipe  near  the 
turbine  varying  from  1.48  lbs.  to  5.56  lbs.  The  best  turbine 
performance,  as  measured  by  thermal  efficiency,  seems  to  con¬ 
form  with  2.73  gauge  pressure  at  this  point.  Judging  from  the 
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statement  of  average  and  maximum  back  pressures  imposed  on 
the  engines,  before  and  after  the  application  of  the  regenerators 
and  turbine,  there  is  a  loss  of  pressure  due  to  the  regenerator 
and  piping  somewhat  exceeding  5  lbs.  per  sq.  in.  when  both  mills 
are  in  operation.  This  may  not  be  a  fair  comparison  of  average 
pressures,  but  there  seems  to  be  a  sufficient  pressure  loss  on  ac¬ 
count  of  the  regenerators  to  demand  further  inquiry.  Having 
personally  examined  the  regenerator  and  piping  installation  at 
the'  McKeesport  Plant,  I  have  no  hesitation  in  saying  that  it 
is  a  most  exceptional  design  in  the  way  of  large  exhaust  piping 
and  large  radius  of  bends.  The  loss  of  pressure  indicated  by 
this  test  data  can,  in  all  probability,  be  charged  to  the  resistances 
of  the  spray  chamber  as  employed  in  this  type  of  regenerator. 

Item  38  of  Table  No.  1  is  a  sufficient  answer  to  all  those 
advocates  of  compound  condensing  reversing  engines  who  would 
substitute  the  attainable  performance  of  a  low  pressure  cylinder 
and  condenser  for  the  present  exhibit  of  low  pressure  turbine 
and  condenser,  concerning  which  further  details  will  be  offered 
in  what  follows. 

If  definite  information  is  at  hand  concerning  the  momen¬ 
tary  steam  delivery  from  a  group  of  engines,  there  is  immediately 
an  available  quantity  constituting  a  leading  item  in  regenerator 
specifications.  This  item  is  the  maximum  rate  of  steam  deliver ij 
to  the  regenerators ,  together  with  the  time  during  which  this 
late  is  maintained.  A  specification  of  regenerators  should  have 
as  its  first  requirement  the  following  clause;  viz.,  “The  regenera¬ 
tor  must  be  capable  of  heating  the  entire  body  of  water  from  a 
temperature  ti  to  a  temperature  of  t2  in  a  time  Oi  seconds  with 
the  steam  supply  maintained  at  a  temperature  T  and  with  steam 
delivery  meanwhile  of  m  lbs.  per  minute.’ ’  A  second  clause 
should  read  as  follows:  “The  regenerator  must  be  of  sufficient 
capacity  to  deliver  M  lbs.  of  steam  per  minute  for  $2  seconds 

without  the  influx  of  live  steam,  the  temperature  of  the  water 
falling  from  t2  to 

It  is  to  be  noted  that  ts  cannot  be  the  same  as  T  for  any 
limited  time  as  the  “Theory”  shows,  and  reasonable  dimensions 
would  be  obtained  by  allowing  t2  =  0.95  T  to  t2  =  0.98  T  with 
m  =  0.1  M. 
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A  third  clause  should  require  specific  guarantee  that  the 
resistance  imposed  on  the  engine  by  the  generators  shall  not 
exceed  a  certain  specified  amount. 

It  is  not  a  matter  of  grave  concern  if  the  back  pressures 
on  the  engines  are  high,  provided  they  are  realizable  with  a 
small  reduction  at  the  turbine  valves.  This  arises  from  the  fact 
that  the  turbine  is  far  more  economical  than  any  practicable  low 
pressure  cylinder  with  condenser  can  be.  There  is,  of  course, 
a  practical  limit  to  the  back  pressure  that  may  be  imposed  on  a 
given  engine  with  a  given  load,  i.  e.,  the  capacity  to  do  its  work. 
Up  to  this  point  there  is  no  detriment  to  the  plant  as  a  whole 
provided  the  output  of  the  mixed  flow  or  even  low  pressure  tur¬ 
bine  can  be  utilized.  Given  this  latter  provision  the  output  of  en¬ 
gines.  regenerators,  and  turbines  is  greater  for  the  same  amount 
of  steam  than  any  condition  involving  lower  back  pressures  on 
the  engines.  With  the  limited  turbine  output  for  the  installation 
to  which  Mr.  Hood  refers  it  did  not  require  much  increase  of 
hack  pressure  on  the  engines  to  cause  a  notable  loss  to  the  plant 
as  a  whole. 

The  researches  of  Professor  T rinks  are  interesting  and  are 
of  the  order  worthy  of  encouragement,  but  he  seems  to  have  ar¬ 
rived  at  the  conclusion  that  tests  of  this  nature  should  be  left 
to  the  builders  of  regenerators  though  it  is  not  clear  why  the 
splendid  researches  like  that  of  Mr.  Leahy  will  not  serve  the 
purposes. 

With  all  of  Professor  Trinks  ’  derived  results  before  us  it 

remains  to  reconcile  the  facts  with  his  conclusions.  Mr.  Leahv 

•/ 

has  shown  that  his  regenerators  do  absorb  large  quantities  of 
steam  without  wastes  at  relief  valves  except  for  the  local  cir¬ 
cumstance  of  two  mills  in  operation  involving  the  delivery  of 
more  steam  than  the  turbine  could  use.  The  moisture  in  the 
steam  is  shown  in  Table  No.  1,  row  9,  and  never  exceeds  1.70 
percent.  Why  will  this  render  the  operation  of  the  turbine 
dangerous?  Enough  direct  evidence  has  been  presented  in  the 
discussions  on  the  “Theory”  to  show  positively  that  the  regenera¬ 
tor  is  uniformly  a  good  steam  separator  in  reducing  the  moisture 
originally  present  in  the  exhaust  of  the  engines.  A  reiteration 
of  the  statement  that  regenerators  deliver  steam  so  heavily 
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charged  with  moisture  that  the  operation  of  turbines  therewith 
is  dangerous  would  not  seem  admissible  before  the  Society. 

V  * 

There  are  at  least  three  plants  in  this  country  where  the 
absorption  of  steam  during  peak  loads  on  the  engines  is  such 
that  the  lifting  of  relief  valves  is  very  infrequent,  and  may  be 
called  an  event. 

Considering  the  limited  heat  storage  capacity  of  the  re¬ 
ceiver  spaces,  the  enormous  peak  load  steam  deliveries  from  the 
engines,  and  the  variable  load  on  the  turbines,  there  is  no  other 
place  for  the  excess  heat  to  go  than  to  the  water  in  the  re¬ 
generators.  In  view  of  these  exhibits  Professor  T rinks’  con¬ 
clusion,  that  regenerators  must  have  the  extraordinary  di¬ 
mensions  derivable  from  his  experiments,  does  not  apply — at 
least  to  full  sized  commercial  installations. 

So  far  as  direct  experiment  on  a  full  sized  “forced  circu¬ 
lation  regenerator  is  concerned  we  no  longer  have  to  rely  on 
a  more  or  less  hypothetical,  illustrative  case,  but  the  latter, 
when  introduced  with  the  “Theory  ’,  has  proved  to  be  more 
than  conservative.  Pending  the  publication  of  experiments  on 
regenerators  with  “induced  circulation”  we  might,  for  the  sake 
of  material  progress,  proceed  to  calculate  the  surface  exposure 
of  steam  to  water  on  the  supposition  that  those  surfaces  will 
be  called  “flames”  instead  of  “bubbles”  and  “jets”,  but  the 
ultimate  result  will  be  a  surface  exposure  of  enormous  extent. 
Here,  again,  the  full  sized  apparatus  will  exhibit  conditions 
peculiar  to  the  dimensions.  Let  actual  experiments  on  regenera¬ 
tors  establish  the  value  of  the  important  constant  K. 

The  method  by  which  the  benefit  due  to  the  use  of  a  con¬ 
denser  on  a  compound  reversing  mill  engine  as  calculated  by 
Professor  Trinks  is  worthy  of  attention.  The  difference  of  33 
and  21  divided  by  21  is  indeed  over  55  percent,  but  why  stop 
the  calculation  at  this  point?  No  reversion  from  condensing  to 
noncondensing  practice  would  be  undertaken  with  such  a  loss 
if  the  atmosphere  were  the  final  disposition  of  the  steam.  A 
delivery  of  this  steam  to  mixed  flow  turbines  would,  in  all 
probability,  produce  an  output  of  engine  and  turbines  at  least 
double  the  condensing  output  of  the  engines  provided  use  could 
be  found  for  the  energy  delivered  by  turbines. 
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Examine  the  performance  in  another  way.  Suppose  the 
compound  reversing  engine  is  running  noncondensing,  then  on 
the  basis  of  the  alleged  performance  of  the  engine  the  saving 
by  condensing  operation  is  the  difference  of  33  and  21  divided 
by  33  or  36.3  percent.  If  a  mixed  flow  turbine  is  applied  to 
the  engine  the  energy  output  would  be  doubled,  and  the  steam 
per  horse  power  delivered  would  be  16.5  lbs.,  approximately, 
for  the  whole  plant  provided  the  full  output  of  the  turbine  could 
be  utilized. 


All  this  is  premised  upon  the  alleged  performance  of  the 
Youngstown  engine  with  condensing  vs.  noncondensing  opera¬ 
tion,  but  the  values  33,  21,  and  36.3  percent,  as  derivable  there¬ 
from,  are  at  least  incompatible  since  the  saving  of  36.3  percent 
by  the  mere  application  of  a  condenser  is  greater  than  that  of  a 
perfect  engine  and  condenser  operating  with  ideal  loads.  That 
particular  engine  will  operate  with  an  economy  somewhat  be¬ 
tween  the  exhibits  of  an  engine  with  two  expansions  and  an¬ 
other  engine  with  9.2  expansions  of  steam  for  full  or  average 
full  load  conditions.  Since  exact  test  data  concerning  pres¬ 
sures,  clearance  volumes,  loads,  and  other  controlling  factors 
are  not  at  hand  it  is  necessary  to  make  estimates  of  the  bene¬ 
fit  due  to  condensing  operations  under  conditions  so  nearly  ideal 
that  they  cannot  be  approached  by  any  actual  engine.  These 
conditions  have  long  since  passed  as  elementaries,  but  they  will 
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bear  repetition  if  they  keep  from  future  appearance  in  the  Pro¬ 
ceedings  of  this  Society  any  statements  that  the  mere  application 
of  a  condenser  will  be  the  means  of  saving  36  percent  or  more 
of  steam. 


THEORETICAL  LIMITS  OF  STEAM  SAVING  DUE  TO  CONDENSING 

OPERATION  OF  ENGINES 

Case  1.  Fig.  18 :  An  initial  absolute  pressure  P ,  and  ab¬ 
solute  back  pressure  P1,  a  ratio  of  expansion  of  2 ,  and  a  volume 
of  low  pressure  cylinder  V.  The  work  done  by  a  perfect  steam 
engine  can  be  represented  by  the  area, 


ABCDE  =  0  A  BCF  —  0  E  D  F 
=  PF  ( 0.5  +  0.3465)  —  P 1  V 
=  V  {0.8465  P  —  P1) .  (1) 

For  condensing  operation  and  the  same  amount  of  steam  ad¬ 
mitted  to  the#  cylinder  the  work  can  be  represented  by  area 

OABCDF  =  OHGF 

=  V  (0.8465  P  —  P0) . (2) 

The  increase  of  work  due  to  condensing  can  be  represented  by 
the  area 


H  E  D  G  =  V  (pi  _  P0) . (3) 

The  percent  of  gain  by  condensing  in  work  done  for  the  same 
amount  of  steam  is  expressed  by 

V  (P1  -  P0) 


\ 7o  Gain  =  100.0  -  . 

V  (0.8465  P  —  pi) 

For  an  approximate  numerical  value  assume 


(4) 


P  =  155 .  lbs.  absolute. 
P1  =  17.  lbs.  absolute. 
P0  =  2.  lbs.  absolute. 


100.0 


P1 


0.8465  P  —  Pi 


100.0 


17.0  —  2.0 
0.8465  X  155.0  —  17 


1500.0 

114.2 


13.13% 


Case  2.  Fig.  19 :  Pressures  and  volume  of  cylinder  same 
as  for  Case  1  with  the  exception  that  complete  expansion  to  the 
back  pressure  is  realized  in  noncondensing  operation.  The  work 
done  by  a  perfect  steam  engine  can  be  represented  by  the  area 
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A  B  D  E  =  0  A  B  D  F  —  0  E  1)  F 

=  V  (P1  log,  k-  +  P')  —  V  P' 

P  \ 

=  VP*  (H/T)  •••• . (5) 


3 


For  condensing  operation  and  using  the  same  amount  of 

steam  the  work  done  by  a  perfect  steam  engine  would  be  repre¬ 
sented  by  the  area 
«/ 

O  A  B  D  F  —  0  H  G  F  =  V  P1  (log,  ^  +  1)  —  P„  V.  .  (6) 

As  before,  the  ratio  of  the  areas  H  E  D  G  to  A  B  D  E  multi¬ 
plied  by  100.0  is  the  percent  gain  due  to  condensation,  thus 

V  ( P1  P  ) 

%  gain  =  100.0  - A-  . • .  (7) 

l'  /"  dog,  pi) 

Using  the  numerical  values  for  P,  P 1,  and  P0  as  in  the  preced¬ 
ing  case,  we  find 


%  gain  =  100.0 


17.0  —  2.0 


17  (log. 


155 

~17~ 


=  39  % 


The  foregoing  exhibit  of  the  possibilities  of  reduction  of 
steam  demands  in  pounds  per  i.  h.  p.  per  hour  is  a  legitimate 
derivation  where  the  conditions  at  the  plant  are  such  that  the 
additional  power  due  to  condensing  operation  can  be  utilized. 
It  is  based  on  the  conditions  attending  the  operation  of  an 
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engine  unencumbered  by  throttling  at  the  valves  and  ports. 
It  implies  nonconducting  cylinders  and  ideally  steady  load  con¬ 
ditions.  Under  the  limitations  of  actual  engines  the  energy 
represented  by  (3)  is  never  realized  and  the  values  of  (4)  and 
(7)  are  consequently  less  than  the  limiting  values  shown  for 
the  numerical  equivalents.  For  the  second  case  and  formula 
(7)  the  practical  limits  are  about  25  percent  and  most  frequently 
do  not  exceed  18  percent.  The  subject  can  be  examined  by  the 
supposition  that  there  is  a  readjustment  of  the  steam  distri¬ 
bution  in  an  engine  with  condensing  vs.  noncondensing  opera¬ 
tion,  thus  providing  for  the  same  load  on  the  engine  in  either 
case.  With  the  notation  as  before  we  have  to  examine  the  steam 
demands  of  a  perfect  engine  which,  in  noncondensing  service, 
corresponds  with  the  Case  2  as  compared  with  the  conditions 
after  the  condenser  has  been  applied. 


('ase  3.  Fig.  20:  For  noncondensing  operation  the  work 
done  is  represented  by  (5). 

For  condensing  operation  the  steam  is  cut  off  at  a  volume 
A  K  =  a  V  which  is  less  than  volume 

P1 

ab=L-v 

on  account  of  the  area  H  E  I  J  G  added  below  the  back  pres¬ 
sure  line.  The  area 
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H  A  K  J  G  =  a  P  V  {1  +  log,  — )  —  P0  V . (8) 

Cl 

The  work  done  whether  condensing  or  noncondensing  is 
now  assumed  to  be  the  same,  hence,  equating  (5)  and  (8) 


P1  lo9 e  G  +  lo9t  -)  —  P. 

I-  d 

or 

P  a  (1  -f-  locp  — - )  =  P0  +  -P1  . (9) 

ft  i 

The  gain  in  percent  due  to  condensing  is  represented  by  the 
ratio  of  the  volumes  at  cut  off. 

17?  _  A  TT  p 

100-0 - - - =  100.0  (1  -  -a) . (10) 


Using  the  values  of  P,  P1,  and  P0  as  above  an  approximate 
value  of  a  may  be  derived  from  (9)  by  trial  and  error  which 
will  be  stated  as  a  =  0.06964.  The  gain  in  the  way  of  steam 
saving  while  maintaining  the  same  load  on  the  engine  is  there¬ 
fore 

**  C) 

100.0  (1  —  X  0.06964)  =  38.55 % 

Actual  engines  are  encumbered  by  losses  which  will  not  be 
enumerated  at  this  time  except  to  remark  that  the  performance 
of  an  ideal  engine  is  far  from  realization  by  any  reversing 
engine  subject  to  variable  loads.  The  gain  has  frequently  been 
observed  as  15  percent  or  even  18  percent,  but  25  percent  is 
yet  to  be  exhibited  as  an  authentic  performance. 

Mr.  IT.  C.  Siebert :*  In  Mr.  Leahy’s  paper,  it  is  inter¬ 
esting  to  note  in  the  case  of  the  slabbing  mill  engine  which 
exhausts  100  000  lb.  steam  per  hour,  which  is  sufficient  to  Oper¬ 
ate  the  turbine  at  full  load,  that  it  is  seldom  that  any  exhaust 
steam  escapes  into  the  atmosphere  and  that  the  valve  admitting 
high  pressure  steam  into  the  regenerator  is  open  only  2.6 
minutes  per  hour,  or  4  1-3  percent  of  the  time.  This  data  leads 
to  the  conclusion  that  the  capacity  of  the  regenerators  is  suffi¬ 
cient  to  meet  the  operating  conditions  of  that  particular  plant. 

On  two  installations  of  regenerators  and  exhaust  steam  tur- 

*Steam  Engineer,  Duquesne  W^orks,  Carnegie  Steel  Company,  Duquesne, 

Pa. 
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bines  connected  to  simple  reversing  engines  of  blooming  mills 
in  operation  in  two  plants  in  the  Youngstown  district,  I  have 
observed  that  the  regenerator  atmospheric  relief  valve  opened 
at  about  the  instant  in  which  the  engine  throttle  was  opened, 
that  it  remained  open  during  the  full  time  period  of  nearly 
every  pass,  when  steam  was  exhausted  into  the  atmosphere  at 
5  pounds  gauge  and  more,  when  the  back  pressure  in  the  cylin¬ 
ders  varied  between  the  limits  of  7  and  15  pounds  gauge.  Be¬ 
sides,  but  a  very  short  time  elapsed  between  the  closing  of  the 
regenerator  relief  valve  and  the  opening  of  the  valve  which 
admitted  high  pressure  steam  into  the  turbine.  During  the  time 
that  these  observations  were  made  both  mills  operated  under 
normal  conditions  rolling  three  ton  ingots  to  6  in.  by  6  in. 
blooms.  The  longest  delay  between  two  consecutive  ingots  was 
about  three  minutes. 

The  regenerator  in  one  plant  seemed  rather  small  for  the 
conditions,  but  in  the  case  of  the  other  plant  the  regenerator 
consists  of  three  large  vessels  which  seem  fully  as  large  as  the 
installation  described  by  Mr.  Leahy.  If  curves  of  back  pressure 
on  engine,  time  of  opening  of  regenerator  relief  valve,  and  high 
pressure  steam  valve  were  plotted  from  the  better  of  the  two 
plants  mentioned  above,  it  would  be  found  that  the  regenerator 
relief  valve  remains  open  for  at  least  30  percent  of  the  operat¬ 
ing  time  of  the  mill  engine.  These  curves  would  be  very  similar 
to  those  shown  by  Mr.  Hood,  for  the  hoisting  engine.  In  the 
cases  mentioned  above  the  steam  losses  seem  abnormal.  Whether 
or  not  they  are  caused  by  insufficient  regenerator  capacity,  im¬ 
proper  design  of  regenerator  or  its  mechanism,  circulation  and 
heat  absorption  as  shown  by  Prof. .  Trinks.  or  other  reasons,  I 
will  not  discuss;  the  fact  remains  that  such  installations  yield 
a  poor  return  on  the  money  invested.  Thus,  while  the  plant  as 
described  by  Mr.  Leahy  is  operating  with  but  slight  losses,  there 
are  other  plants  where  the  losses  are  quite  large  The  words 
of  Mr.  Hood,  that,  “with  increasing  back  pressure  there  comes 
a  condition  where  a  saving  at  the  exhaust  end  of  the  operation 
is  more  than  offset  by  the  cost  of  the  added  steam  needed  by  the 
main  engine  and  the  added  auxiliaries ’ ’,  touch  a  very  important 
point  in  connection  with  exhaust  turbine  and  regenerator  in- 
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stallations.  All  such  installations  increase  the  back  pressure  on 
the  engine,  and  on  this  increase  depends  to  a  considerable 
extent,  the  success  or  failure  of  the  whole  combination.  In 
recent  years  a  number  of  exhaust  steam  regenerator  and  tur¬ 
bine  plants  have  been  added  to  reversing  mill  engines.  For 
some  of  these  success  is  claimed:  for  others  failure.  All  tests 
published  to  date,  with  one  exception,  give  data  for  the  turbine 
economy,  but  none  for  the  economy  of  the  engine  before  and 
after  the  installation  of  the  turbines  and  regenerators,  nor  for 
the  economy  of  the  various  types  of  engines  operating  under 
different  conditions  of  back  pressure.  Some  engineers  seem  to 
take  for  granted  that  any  old  steam  “ eater'*  is  good  enough 
for  reversing  rolling  mills  when  combined  with  regenerators  and 
low  pressure  turbines,  which,  making  use  of  the  engine  exhaust, 
give  power  for  nothing,  and  that  better  economy  can  be  derived 
from  such  installations  than  from  good  condensing  engines.  For 
the  purpose  of  showing  that  such  a  view  is  erroneous,  I  submit 
the  following  table  of  data  which  was  obtained  on  a  number 
of  tests  on  reversing  rolling  mill  engines  of  different  types, 
operated  condensing  and  non-condensing,  and  which  shows  their 
relative  economy.  Combining  the  figures  given  in  this  table 
with  those  quoted  by  the  speakers  of  this  evening,  one  can  arrive 
at  an  estimate  as  to  whether  or  not  regenerators  and  exhaust 
steam  turbines  connected  to  a  simple  or  compound  reversing 
engine  will  yield  a  better  return  on  the  money  invested  than 
compound  reversing  engines  operated  condensing. 

This  is  the  question  that  interests  rolling  mill  engineers,  and 
on  this  question  no  information  is  given  in  Mr.  Leahy’s  paper, 
which  is  almost  entirely  devoted  to  the  performance  of  the  tur¬ 
bine  and  its  regenerators. 

The  figures  in  the  last  column  of  the  following  table  check 
fairly  well  with  the  figures  given  by  Mr.  Ilood  for  the  hoisting 
engine,  three  percent  for  one  pound  reduction  in  back  pressure. 

The  steam  consumption  per  i.h.p.  per  hour  was  computed 
from  continuous  indicator  cards,  taking  dry  steam  near  point 
of  release,  0.9  stroke,  and  adding  30  percent  for  cylinder  con¬ 
densation.  valve  leakage,  and  clearance  losses  . 
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ECONOMY  OF  REVERSING  ENGINES  OPERATED  CONDENSING 

AND  NON-CONDENSING 


Engine 

Operat- 

Cylinder 

• 

ing 

Condi- 

Case 

dia.  and 
stroke 
Inches. 

Type 

tions 

Steam  con- 

Back  Pres-pavinS  in 

Saving 

sumption  per 

in  %  of 

I.H.P.  per  hr. 

sure  or  Steam  due 

steam 

With  pres- 

vacuum.  to  running 

for 

sure  at  throt- 

Lbs.  gauge  Condensing 

1  lb. 

tie  130  lb. 

in 

reduc- 

gauge 

cylinder  Per 

tion  in 

Non- 

I.H.P. 

back 

Cond.  Cond. 

Avge.  Max.  Hr.  % 

press 

Twin  Throttle 


A 

42x60 

Simple 

Reversing 

Control 

No  cutoff 

45.0 

2.0 

6.0 

B 

44  &  70X60 

Twin 

Tandem 

Compound 

Reversing 

do 

48.0 

32.0 

1.2 

11.0 

7.0 

16.0 

33.3 

2.73 

C 

46  &  76X60 

do 

Throttle 
Control 
&  Cutoff 

33.0 

22.5 

1.0 

11.0 

10.5 

31.8 

2.61 

D 

46  &  86X84 
&  84X60 

Cross 

Compound 

Corliss 

Cut-off 

Governor 

25.7 

17.2 

0.5 

10.5 

S.5 

32.3 

2.94 

Blowing 


For  variation  in  back  pressure  steam  consumption  for  Cases 
A  and  B  see  respective  curves  Figs.  21,  22  and  23.  The  exhaust 
piping  of  th^e  engines  is  large  in  diameter,  very  short,  and 
contain  few  bends  of  large  radii,  yet  the  curves  of  back  pres¬ 
sure  vary  within  wide  limits,  in  short  intervals  of  time.  Those 
who  wish  to  figure  regenerator  problems  may  also  find  useful 
these  accompanying  curves  of  steam  flow  for  reversing  engines  of 
blooming  mills. 

The  slabbing  mill  engines  described  by  Mr.  Leahy  operated 
against  a  back  pressure  of  1.1  lb.  gauge  before  being  connected 
to  the  turbine  plant ;  after  combination  with  that  plant  the  back 
pressure  increased  to  an  average  of  5  lb.  gauge,  above  atmos¬ 
phere.  As  an  example  of  the  economy  that  can  be  derived  from 
a  simple  or  a  compound  reversing  engine  combined  with  re¬ 
generators  and  exhaust  steam  turbines,  T  will  employ  in  the 
following  calculations  the  basic  data  given  in  the  above  table 
for  Cases  A  and  B.  Against  this  combination  the  condensing 
engines,  Cases  B  and  C,  and  a  high  pressure  turbine  will  be  con¬ 
sidered.  For  the  calculations  the  following  conditions  will  be 


1‘  ig.  22.  Steam  Meter  Record  from  44  &  70  X  60  Compound  Reversing  Engine. 
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assumed :  Market  available  for  the  current  that  can  he  produced 
by  either  type  of  turbo-generator  of  3000  k.w.  rated  capacity, 
steam  consumption  of  mixed  flow  turbine  at  28  in.  vacuum,  32 
lb.  per  k.w.  hour,  steam  consumption  of  high  pressure  turbine 
at  28  in.  vacuum  16  lb.  per  k.w.  hour,  exclusive  of  auxiliaries 
for  both  turbines,  combined  efficiency  of  turbine  and  generator 
90  percent,  cost  per  ton  coal  delivered  on  stokers  including  all 
operating  and  maintenance  charges  on  boiler  plant  $1.60,  water 
evaporation  per  pound  of  coal  iy2  lb.,  working  hours  per  year 
6860.  average  back  pressure  due  to  engine  exhausting  into 
regenerators  5  lb.  gauge — Case  A,  quality  of  engine  exhaust 
steam  85  percent  dry,  quality  of  steam  leaving  regenerator  100 
percent  dry,  loss  due  to  blowing  exhaust  steam  through  regener¬ 
ator  relief  valve  10  percent,  which  must  be  supplied  by  the 
boilers,  increase  in  steam  consumption  of  engine  per  pound  in¬ 
crease  in  back  pressure  2.73  percent. 

Example  I.  Assuming  that  the  engine.  Case  A,  is  in  con¬ 
dition  to  perform  its  duty  for  an  extended  period  of  time,  would 
it  pay  to  combine  this  machine  with  regenerators  and  an  exhaust 
steam  turbine,  or  would  it  be  more  economical  to  replace  the  en¬ 
gine  with  a  compound  condensing  machine  and  generate  the  cur¬ 
rent  that  could  be  produced  by  the  exhaust  turbine  in  a  high 
pressure  turbine? 

According  to  above  table  the  engine  consumes  45  lb.  steam 
per  i.h.p.  per  hour  when  the  average  back  pressure  is  2-lb.  above 
atmosphere.  If  the  back  pressure  is  increased  to  an  average  of 
5-lb.  due  to  the  regenerators,  the  steam  consumption  per  i.h.p. 
hour  will  be  increased  to  45  -j-  [45  X  {5  —  2)  X  0.0273 ]  =  49 
lb.  The  steam  consumption  of  the  engine  has  therefore  been 
increased  by  8.2  percent.  If  the  quantity  of  steam  used  per  hour 
under  these  conditions  is  100  000  lb.  and  the  exhaust  steam  is 
85  percent  dry,  the  quantity  entering  the  regenerators  will  be 
85  000  lb.  If  10  percent  of  this  steam  is  lost  through  the  re¬ 
generator  relief  valves,  the  boilers  must  supply  the  loss  and  the 
amount  available  for  work  in  the  turbine  wdll  be  85  000  lb  per 
hour,  but  the  boilers  must  supply  108  500  lb.  per  hour.  On  the 
85  000  lb.  of  dry  steam  the  exhaust  turbine  will  yield  an 
output  of 
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<95  000 
~32~ 


2660  k.  w. 


Hence,  on  108  500  lb.  per  hour  supplied  by  the  boilers  this  com¬ 
bination  develops 


100  000 
49 


~h 


2660  X  1-34 
0.9 


=  6000  i.  h.  p. 


of  which  2040  and  3960  have  been  developed  by  the  engine  and 
turbine  respectively.  This  combination,  therefore,  will  yield 
one  i.h.p.  hour  on 


108  500 
6000 


=  18.1  lb.  steam. 


Since  the  compound  condensing  engine  itself  requires  only  22.5 
lb.  steam  per  i.  h.  p.  hour,  the  difference  in  favor  of  the  exhaust 
bine  combination  is  only  4.4  lb.  per  i.h.p.  hour  or  22  percent, 
and  is  too  small  to  justify  its  installation  in  view  of  the  fact 
that  it  has  received  the  benefit  of  every  doubt. 

But  even  under  the  assumed  conditions  it  will  be  interest¬ 
ing  to  continue  the  calculation  in  order  to  see  how  much  money 
could  be  saved  by  the  better  combination.  If  the  engine,  Case 
A,  \\  ere  replaced  by  the  engine,  Case  C,  whose  steam  consump¬ 
tion  including  condenser  auxiliaries  is  23.2  lb  per  i.h.p,  hour, 
the  quantity  of  2040  X  23.2  =  47  330  lb.  steam  would  be  re¬ 
quired  instead  of  108  500  lb.  required  by  the  engine  and  ex¬ 
haust  turbine  combination.  If  the  difference,  61 170  lb.  per 

hour,  w ere  used  in  a  high  pressure  turbine  there  would  be 
developed 


or. 


61 170 
16 


3820  k.  w. 


3820  —  2660 
2660 


X  100  =  44%  more  energy. 


The  economy  of  this  combination  would  be 


108  500 


2040  -f 


3820  x  1  34  =  **'0  steara  Per  i-  h*  p. 


0.9 


hour  as  against  18.1  lb.  for  the  former  installation,  or  30  percent 
better  economy.  Since  this  latter  combination  develops  3820  — 
2660  =  1160  k.w.  more  than  the  former,  the  saving  in  its  favor  is. 
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therefore,  1160  X  16  =  18  560  11).  steam  per  hour,  which  ac¬ 
cording  to  the  conditions  of  this  example,  have  a  yearly  value  of 


18  560  X  6860 
775  X  2240 


X  1.60  =  $12  100 


Now,  if  it  is  assumed  that  a  compound  reversing  engine  together 
with  foundation  and  connections  to  condenser  cost  $95  000,  the 
yearly  saving  of  $12  100  represents  an  interest  of  12.75  percent 
on  the  investment.  In  reality  the  saving  would  be  greater, 
probably  15  percent,  because  the  compound  condensing  engine 
and  high  pressure  turbine  would  be  entirely  free  of  the  losses 
enumerated  above  for  the  simple  engine  and  exhaust  turbine. 
Furthermore,  the  high  pressure  turbine  could  be  erected  in  the 
central  power  station  while  the  exhaust  turbine  would  have  to 
be  located  near  the  mill  engine.  Hence,  operating  costs  would 
be  less  in  the  case  of  the  high  pressure  machine. 

In  the  above  calculation  the  cost  of  the  regenerators  is  as¬ 
sumed  to  be  equal  to  that  of  the  mill  engine  condenser  and  its 
auxiliaries,  and  the  cost  of  the  high  pressure  turbine  with  its 
auxiliaries  is  assumed  to  be  equal  to  that  of  the  exhaust  turbine 
and  its  condensing  equipment. 

In  this  example  the  loss  of  10  percent  due  to  blowing  of 
regenerator  relief  valve  may,  perhaps,  be  questioned  as  being 
too  high.  This  factor  will  of  course  vary  with  the  conditions  of 
different  plants,  according  to  the  quantity  of  steam  exhausted 
by  the  engine  per  unit  of  time,  in  other  words,  it  will  vary 
with  the  size  of  the  regenerator  used  for  a  given  size  of  engine. 
Since  no  test  data  are  available  as  to  the  extent  of  this  loss,  the 
question  may  or  may  not  be  justified.  The  result  of  the  calcu¬ 
lation,  however,  will  not  be  changed  much  even  if  the  loss  be 
taken  at  five  percent  instead  of  10  percent.  In  this  connection 
it  should  be  noted  that  in  Mr.  Leahy’s  plant,  when  the  slabbing 
mill  engine  is  operated  alone,  exhausting  100  000  lb.  steam  per 
hour,  (whether  this  is  dry  or  wet  is  not  stated)  the  turbine  at 
3000  k.w.  load,  requiring  96  000  lb.  steam  per  hour,  high  pres¬ 
sure  steam  is  admitted  4  1-3  percent  of  the  time.  The  question 
that  arises  here  is :  How  much  high  pressure  steam  flows  into  the 
regenerator  during  the  time  specified?  Evidently  this  steam  is 
used  to  supply  deficiencies  of  a  certain  nature ;  caused,  perhaps, 
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by  delays  in  mill  operation,  etc.  If  definite  information  were 
available  on  this  point,  one  could  judge  as  to  whether  or  not 
the  above  assumption  for  regenerator  loss  is  high  or  low. 

Hence,  the  answer  to  Example  I  is :  It  is  more  economical 
to  replace  a  simple  non-condensing  reversing  engine  with  a 
compound  condensing  machine  and  generate  electric  current  in 
a  high  pressure  turbine,  since,  in  seven  to  eight  years  this  com¬ 
bination  will  effect  a  saving  sufficient  to  pay  for  the  new  engine. 

« 

Example  II :  Required  the  saving  that  could  be  effected 
by  operating  the  engine.  Case  B,  condensing,  and  generating 
current  by  a  high  pressure  turbine;  as  against  operating  it  non¬ 
condensing  in  combination  with  a  mixed  flow  turbine? 

The  same  assumptions  will  be  made  as  in  the  preceding  ex¬ 
ample  except  that  the  average  back  pressure  due  to  the  resistance 
of  the  regenerators  and  connections  will  be  taken  at  3.5  lb.  i.e., 
2.3  lb.  increase,  over  free  exhaust  conditions,  and  loss  through 
regenerator  relief  valve  at  five  percent. 

In  this  case  the  engine  at  hand  is  compound,  hence  no  re¬ 
placement  is  required,  and  it  is  necessary  only  to  provide  the  con¬ 
denser  and  the  condenser  auxiliaries.  This  engine  when  ex¬ 
hausting  into  the  atmosphere  requires  48  lb.  steam  per  i.h.p. 
per  hour.  If  the  back  pressure  due  to  the  regenerators  is 
increased  to  3.5  lb.  average,  the  steam  consumption  per  i.  h.  p. 
hour  will  be  48  +  48  X  {3.5  —  1.20)  X  0.0273  =  51  lb.  or  an 
increase  of  6 . 3  percent .  If  100  000  pounds  per  hour  are  consum¬ 
ed  by  the  engine  there  will  be  available  at  the  exhaust  85  000  lb. 
of  dry  steam.  If  five  percent  of  this  steam  is  lost  through 
regenerator  relief  valves  the  deficiency  must  be  supplied  by 
the  boilers,  and  the  amount  available  for  work  in  the  turbine 
will  be  85  000  lb.;  but  the  boilers  must  supply  104  250  lb.  per 
hour.  The  turbine  output  will  again  be 


85  000 
32 ' 


=  2660  k.  w. 


The  engine  and  turbine  together  will  yield 

100  000  2660  x  1.34 

51  7y§  =  :,93°  '■  h'  p- 


0.9 
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of  which  the  engine  produced  1960;  the  turbine  3960.  The  en¬ 
gine  and  turbine  together  produce  one  horsepower  hour  on 

104  250 

— — =  17.61  lb.  steam. 


Since  this  compound  engine  when  operated  condensing  requires 
32  lb.  steam  per  i.h.p.  per  hour,  the  above  combination  has  an 
economy  greater  by 


32  —  17.61 
17.61 


X 


This  figure,  however,  can  only  be  realized  by  installing  the  turbo¬ 
generator  and  its  other  equipment.  As  in  Example  I,  it  will  be 
found  advantageous  to  run  the  engine  condensing  and  generate 
current  in  a  high  pressure  turbine.  Thus,  according  to  above 
calculation  the  engine  when  exhausting  into  the  regenerator 
produced  1960  i.h.p.  Then,  amount  of  steam  required  when 
engine  is  operated  condensing  is  1960  X  32  =  67  720  lb.  per 
hour,  and  104  250  —  62  720  =  41  530  lb.  per  hour  are  available 
for  work  in  the  high  pressure  turbine  which  will  yield  thereon 


41  530 
16 


=  2595  k.  w. 


which  is  but  65  k.w.  less  than  the  exhaust  turbine  yields.  In 
this  case,  therefore,  we  have  equality  between  the  two  systems. 
But,  in  this  case,  too,  the  benefit  of  every  doubt  was  given  the 
exhaust  turbine  combination.  Everything  considered,  the  con¬ 
densing  engine  and  high  pressure  turbine  would  make  a  far 
more  flexible  and  suitable  combination  for  most  large  steel  plants, 
where  central  power  stations  are  operated. 

Hence,  the  answer  to  Example  II  is :  A  compound  non¬ 
condensing  reversing  engine  whose  water  rate  is  51  lb.  per  i.  h.  p. 
per  hour,  combined  with  an  exhaust  turbine,  cannot  compete 
with  a  compound  condensing  reversing  engine  whose  water  rate 
is  32  lb.  per  i.  h.  p.  hour,  because  a  high  pressure  turbine  will 
produce  as  much  energy  on  the  quantity  of  steam  corresponding 
to  the  difference  in  the  two  water  rates  of  the  engine,  as  the 
exhaust  turbine  can  on  the  total  steam  available  from  the  non¬ 
condensing  engine. 

Example  I  shows  that  where  a  compound  condensing  re- 
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versing  engine  gives  a  water  rate  of  23.2  lb.  per  i.h.p.  per  hour, 
there  the  wasteful  non-condensing  reversing  engine  and  exhaust 
turbine  would  operate  at  a  considerable  loss,  because,  a  high  pres¬ 
sure  turbine  will  produce  so  much  more  energy  on  the  quantity 
of  steam  corresponding  to  the  difference  in  the  water  rates  of 
the  two  engines,  that  a  new  engine  can  be  paid  for  by  the  re¬ 
sulting  saving  in  coal,  in  a  period  of  seven  to  eight  years. 

It  follows,  therefore,  that  unless  the  mill  engine  conditions 
are  very  much  more  favorable  to  the  combination  of  regenerators 
and  exhaust  turbines,  it  is  not  at  all  apparent  how  the  fabulous 
savings  frequently  claimed  for  such  installations  can  be  realized. 

Two  other  points  in  Mr.  Leahy’s  paper  are  noteworthy. 
One  being  the  quality  given  for  the  exhaust  steam  leaving  the 
regenerator  (98  percent  dry),  the  other;  the  method  employed 
for  calculating  the  steam  consumption  of  the  turbine,  i.  e.,  using 
the  jet  condenser  as  a  calorimeter. 

Relative  to  the  first  point,  it  can  be  stated  that  the  chief 
difficulty  in  determining  the  moisture  present  in  steam  lies  in 
the  fact  that  the  greater  part  of  the  water  collects  and  flows 
along  the  surface  or  bottom  of  the  pipe,  which  makes  the  col¬ 
lection  of  a  representative  sample,  by  means  of  nozzles  or  per¬ 
forated  pipes,  extremely  difficult. 

It  may  be  of  interest  to  mention  here  that  the  tests  made 
on  a  low  pressure  turbine  plant  by  Dr.  Puppe*  gave  the  fol¬ 
lowing  results:  Throttled  high  pressure  steam  15  percent,  ex¬ 
haust  steam  21.8  percent,  mixture  of  both  15.8  percent,  meas¬ 
ured  before  regenerators ;  while  18.5,  24.5  and  19.5  percent 
respectively,  was  obtained  in  the  steam  leaving  the  regenerators ; 
i.  e.,  the  steam  in  passing  through  the  regenerators  picked  up 
about  three  percent  moisture.  In  these  tests,  therefore,  the 
steam  was  far  from  being  dry. 

Relative  to  the  second  point,  it  can  be  stated  that  use  can 
be  made  of  the  jet  condenser  as  a  calorimeter  for  determining 
steam  consumption  of  engines  and  turbines*  only  when  the 
quality  of  the  steam  entering  the  condenser  is  known.  Other¬ 
wise,  misleading  results  will  be  obtained.  Since  test  data  from 
*  *  • 

various  sources  give  values  for  the  steam  quality  leaving  the 

*Weitere  Versuche  zur  Ermittlung  des  Kraftbedarfs  am  Wnlzwerken. — 
J.  Puppe. 
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regenerators  varying  between  the  limits  of  75  and  99  percent  dry, 
it  can  easily  be  seen  to  what  extent  calculations  on  the  quantity 
of  dry  steam  available  for  work  in  the  turbine  will  be  affected 
if  one  or  the  other  value  be  used. 

If  the  method  employed  by  Mr.  Leahy  be  used  on  jet  con¬ 
densers  of  engines,  the  resulting  water  rates  will  be  abnormally 
low.  For  instance;  if  the  jet  condenser  be  employed  as  a 
means  for  determining  the  steam  consumption  of  an  engine, 
which  has  dry  steam  available  at  the  throttle,  the  condenser 
heat  balance  will  not  give  the  quality  of  dry  steam  that  actually 
entered  the  cylinder,  because  part  of  this  steam  had  condensed 
in  the  cylinder  and  enters  the  condenser  as  water.  Therefore, 
to  obtain  the  true  steam  consumption,  the  quality  of  the  steam 
entering  the  condenser  must  be  known.  Since  condensation 
takes  place  in  turbines,  although  to  a  lesser  extent  than  in  en¬ 
gines,  should  not  the  above  method  be  used  for  calculating  the 
steam  consumption  of  the  turbine  also? 

Mr.  F.  E.  Leahy:  The  statement  by  Mr.  Smoot  that  the 
rate  of  absorption  of  this  type  of  regenerator  is  slow  as  com¬ 
pared  to  another  type  operating  under  the  same  conditions  may 
be  true.  If  considered  in  the  abstract  the  performance  might 
be  considered  inefficient,  but  as  a  regenerator  is  frequently  re¬ 
ferred  to  as  a  heat  fly-wheel  whose  work  is  to  absorb  the  excess 
steam  and  regenerate  it  when  the  demands  on  the  turbine  re¬ 
quire  it,  it  is  evident  in  this  case  that  any  faster  rate  of  ab¬ 
sorption  by  any  type  of  regenerator  would  be  a  useless  and 
wasteful  expenditure  of  energy.  In  this  particular  installation 
it  would  mean  the  circulation  of  a  large  amount  of  water  doing 
no  useful  work.  As  stated  before  no  steam  is  lost  to  the  atmos¬ 
phere  when  either  mill  is  operating  alone  and  when  both  are 
operating  at  the  same  time  no  live  steam  is  required.  * 

In  Mr.  Siebert’s  discussion  the  question  is  raised  as  to  the 
advisability  of  installing  a  low  pressure  turbine  and  regenerator 
in  place  of  a  compound  condensing  engine  and  high  pressure 
turbine.  This  is  a  subject  requiring  a  very  comprehensive 
study  in  each  individual  case,  and  can  hardly  be  solved  by  the 
assumption  of  a  number  of  constants  and  averages. 

To  secure  the  results  advanced  by  Mr.  Siebert  we  would 
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have  to  replace  three  twin  simple  reversing  engines  of  com¬ 
paratively  recent  make  and  in  excellent  condition.  Admitting 
the  possibility  of  the  change  the  value  of  these  engines  would 
he  only  that  of  scrap,  assuming  that  intending  purchasers  of 
units  for  such  service  would  also  be  convinced  that  owing  to  their 
extremely  uneconomical  operation  the  type  was  obsolete. 

The  conditions  under  which  the  mills  would  operate  were 
anticipated  as  fully  as  possible  together  with  the  available  sup¬ 
ply  of  steam  and  the  consumption  of  the  various  mill  engines, 
and  with  this  information  it  was  deemed  advisable,  taking 
everything  into  account,  to  install  the  present  apparatus  in  place 
of  the  units  suggested  by  Mr.  Siebert. 

The  use  of  a  condenser  as  a  calorimeter,  to  measure  the 
steam  consumption,  does  not  present  nearly  the  difficulties  in 
a  turbine  as  it  does  in  the  case  of  an  engine.  In  the  case  of 
an  engine  the  flux  of  steam  comes  in  more  or  less  irregular  puffs 
and  the  quality  is  variable  due  to  the  initial  condensation  at 
■\  arious  cut  offs.  The  flux  of  steam  from  a  turbine  is  more 
regular  and  the  condensation  is  uniform  as  the  difference  in  tem¬ 
perature  between  the  steam  and  the  turbine  is  nearly  constant. 

The  sampling  of  the  steam  was  made  in  accordance  with 
the  standard  method  prescribed  by  the  A.  S.  M.  E.,  with  two 
different  type  nozzles  and  the  results  obtained  were  approximate¬ 
ly  the  same. 

The  various  percentages  of  moisture  in  the  sampled  steam  at 
different  places  as  stated  by  Mr.  Siebert  are  probably  correct 

and  only  indicate  the  necessity  of  corrective  methods  to  secure 
better  results. 


CRUCIBLE  STEEL:  SOME  INTER¬ 
ESTING  FACTS 


By  George  H.  Neilson* 


l  do  not  propose  to  go  into  the  theoretical  part  of  the 
manufacture  of  crucible  steel,  this  evening.  It  is  too  large  a 
subject  to  be  covered  in  the  time  available,  besides  it  would 
open  up  a  discussion  which  would  have  no  end.  There  is  such 
a  wide  diversity  of  opinion  as  to  the  many  chemical  and  me¬ 
chanical  changes  which  take  place  during  the  working  of  steel 
that  I  would  hesitate  a  long  time  before  plunging  into  an  argu¬ 
ment  on  the  subject. 

1  shall  try  to  show  how  crucible  steel  is  melted  and  work¬ 
ed.  The  subject  is  not  as  familiar  to  most  engineers  as  the 
bessemer  and  open  hearth  processes,  so  I  will  confine  myself  to 
the  practical  side  of  the  question  and  avoid  the  theoretical  as 
far  as  possible.  The  members  of  our  Society,  especially  the 
chemists,  metallurgists  and  mechanical  engineers,  all  come  in 
contact  with  crucible  tool  steel.  To  the  chemist  belongs  much 
of  the  credit  for  the  great  advance  made  in  the  quality  of  steel ; 
without  his  aid  the  steel  melter  would  have  been  at  a  loss  to 
discover  the  greater  part  of  his  troubles.  It  is  to  the  chemist 
we  turn  when 'we  want  to  know  what  is  in  our  steel  and  how 
much  of  certain  elements  it  contains,  as  without  this  knowledge, 
which  is  of  vital  importance,  we  would  be  working  in  the  dark. 
The  metallurgist  has  also  done  much  to  assist  the  steel  maker 
as  has  also  the  mechanical  engineer  and  the  testing  laboratories. 
It  has  been  a  case  of  team  work  for  some  years  past,  instead 
of  the  old  way  of  each  profession  deciding  matters  for  itself. 
The  steel  maker  has  made  it  possible  for  the  engineer  to  de¬ 
sign  shop  tools  of  a  capacity  undreamed  of  a  few  years  ago 

*  General  Manager,  Braeburn  Steel  Company,  Braeburn,  Pa. 

Address  of  Retiring  Chairman  of  the  Mechanical  Section.  Presented  before  the 
Section,  February  3,  and  published  in  the  February,  1914,  Proceedings. 
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and  he  in  turn  has  been  benefited  by  these  same  tools.  There 
is  still  room  for  improvement  and  with  the  community  of  in¬ 
terests  working  for  better  steel  we  may  expect  decided  ad¬ 
vances  in  quality  as  the  years  pass. 

The  tool  steel  millenium  has  not  yet  come  so  I  would  cau¬ 
tion  all  users  of  tool  steel  not  to  expect  the  impossible.  Be 
fair  and  in  case  of  the  failure  of  a  tool  do  not  blame  the  steel 
without  an  investigation.  No  matter  how  carefully  it  is  made 
it  is  sensitive  to  treatment  and  is  not  fool  proof.  Do  not  think 
that  because  it  is  high  priced  it  cannot  be  damaged  and  do 
not  go  on  the  supposition  that  because  a  blacksmith  can  make 
horse  shoes,  or  weld  iron,  that  he  is  a  thoroughly  capable  tool 
maker.  It  is  well  for  the  peace  of  mind  of  the  crucible  steel 
manufacturers  that  the  rule  of  thumb  days  have  passed  in  most 
shops  and  that  the  pyrometer  has  taken  the  place  of  the  skilled 
eye  which  the  tool  maker  inherited  from  his  grandfather.  Most 
of  us  have  run  into  the  overheater  of  steel  who,  we  are  inform¬ 
ed,  has  been  with  us  for  years  and  is  a  very  capable  man, 
the  trouble  is  certainly  not  his  fault.”  So  unless  you  want 
a  black  eye  in  that  shop  you  must  convince  the  steel  “butcher” 
that  he,  for  once,  was  off  the  track.  Not  an  easy  or  pleasant 
job.  It  is  the  height  of  folly  to  buy  good  steel  and  then  turn 
it  o\  er  to  cheap  labor  to  work  up.  It  is  false  economy  of 

the  worst  kind  and  is  done  in  a  surprisingly  large  number  of 
places. 

Steel,  which  is  carbonized  iron,  is  not  only  one  of  the  most 
useful  of  the  metals  but  is  probably  one  of  the  first,  if  not 
the  oldest,  of  the  useful  metals.  Tubal  Cain,  who  was  the 
first  known  iron  worker,  and  who  probably  made  steel  without 
knowing  what  he  was  making,  was  born  in  the  seventh  geneia 
tion  of  Adam.  He  is  described  in  the  fourth  chapter  of 
Genesis  as  an  “Instructor  of  every  artificer  in  brass  and  iron” 
and  it  is  only  reasonable  to  suppose  that  the  actual  use  of  iron 
dates  back  a  few  generations  farther.  How  the  knowledge 
of  the  art  was  handed  down  from  generation  to  generation  we 
can  only  surmise.  It  was  probably  for  many  years  known 
to  but  few  and  kept  a  secret  in  certain  families,  as  the  glass 
industry  was.  As  the  uses  to  which  iron  could  be  put,  multi 
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plied,  the  workers  increased.  It  was  a  necessity  and,  there¬ 
fore,  did  not  become  one  of  the  lost  arts.  While  Damascus, 
the  oldest  city  in  the  world,  for  a  time  was  the  leading  city 
in  which  iron  was  manufactured,  Spain  was  the  leading  coun¬ 
try  as  far  as  the  iron  industry  is  concerned.  When  the  Ro 
mans  conquered  Spain  they  realized  the  value  of  the  metal 
and  fostered  the  industry  and  for  many  years  the  implements 
of  war  used  by  the  Romans  came  from  Spain.  When  the 
Moors  drove  out  the  Romans  and  conquered  Spain  they  also 
fostered  the  industry,  and  it  is  quite  probable  that  Spanish 
iron  workers  fleeing  from  the  Moors  introduced  the  art  to  other 
countries.  The  Catalan  Forge  got  its  name  from  the  Span¬ 
ish  Province  of  Catalonia.  The  most  famous  “Iron  City”  of 
ancient  days  was  Toledo,  noted  for  the  swords  made  there. 
The  manufacture  of  Toledo  blades,  like  the  Damascus  blade, 
was  shrouded  in  mystery  and  many  are  the  stories  told  con¬ 
cerning  them.  It  was  said  at  one  time  that  the  great  merit 
of  Toledo  blades  was  due  to  something,  just  what  was  not 
known,  in  the  water  in  which  the  blades  were  hardened.  What 
was  probably  the  cause  was  an  abundance  of  pure,  cold  running 
water  which  was  utilized  as  a  quenching  bath.  The  virtue  of 
clean  water  was  not  really  appreciated  until  the  art  of  temper¬ 
ing  was  given  scientific  investigation.  The  mystery  of  ages, 
coupled  with  the  stories  of  the  Crusaders  and  travelers,  built 
up  a  romance  about  the  old  swords  which  would  shrivel  if  the 
light  of  truth  could  be  turned  upon  it.  I  doubt  if  the  steel 
of  which  these  swords  were  made  was  as  good  as  steel  made  for 
the  same  purpose  today,  although  the  art  of  tempering  was  very 
fully  developed.  It  is  said  that  a  Toledo  blade  could  be  bent 
in  a  circle,  kept  that  way  for  years,  and  when  released  would 
spring  back  into  its  original  shape.  Swords  are  still  manu¬ 
factured  in  Toledo  but  in  a  very  small  way. 

That  the  art  of  working  iron  did  not  become  better  known 
for  centuries  after  Tubal’s  time  was  due  to  the  very  good 
reason  that  there  were  no  trade  journals  or  Engineers’  Societies 
to  circulate  the  news.  As  time  went  on  the  knowledge  spread 
and  now  there  is  little  or  no  mystery  left.  It  was  many  cent¬ 
uries,  in  all  probability,  before  any  real  attempts  were  made 
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to  improve  the  quality  of  the  steel.  Chance  had  more  to  do 
with  the  betterments  that  were  made  from  time  to  time  than 
anything  else.  Who  for  one  minute  will  suppose  that  the  dis¬ 
covery  that  steel  would  harden  if,  after  first  being  heated,  it 
was  cooled  in  water,  was  anything  but  an  accident.  Is  it  not 
more  than  probable  that  some  careless  worker  inadvertently 
dropped  the  hot  piece  into  the  water  and  thus  found  a  way  to 
immensely  increase  its  usefulness?  It  was  just  such  chance 
that  lead  to  the  discovery  that  the  overheating  of  Tungsten 
steel  increased  its  usefulness  as  a  cutting  tool.  But  chance, 
while  it  has  played  no  doubt  a  very  large  part,  has  not  been 
the  chief  cause  of  the  improvement  in  steel  nor  did  it  lead  to 
the  very  many  uses  to  which  it  has  been  put.  The  thinking 
man,  the  man  of  trained  mind,  came  into  his  own  and  the 
progress  of  the  crucible  steel  industry  has  been  along  lines  laid 
down  by  the  men  who  think  and  not  by  the  rule  of  thumb.  It 
seems  strange  perhaps,  but  it  is  true,  that  while  the  quality 
of  crucible  steel  has  made  great  strides  since  the  method  of 
melting  in  crucibles  came  into  use  the  method  itself  has  changed 
but  little. 

The  pioneers  in  crucible  melting  are  said  to  have  been  the 
Chinese,  who,  used  the  process  many  centuries  ago.  But  the 
art  in  China  never  progressed  beyond  the  initial  stage.  The 
real  father  of  the  crucible  steel  industry  was  Daniel  Hunts¬ 
man  of  Sheffield,  England,  a  clock  maker,  who  found  it  im¬ 
possible  to  get  uniform  steel  from  which  to  make  his  springs 
and  he  hit  on  the  idea  of  fusing  blister  steel  in  a  crucible. 
This  was  in  the  latter  part  of  the  18th  century  and  the  melt¬ 
ing  of  crucible  steel  has  changed  but  little  since  that  time.  The 
details  have  changed  somewhat  but  the  actual  process  is  much 
the  same. 

The  material  to  be  melted  is  loaded  in  a  crucible,  covered 
with  a  cap  to  keep  out  the  gases,  and  placed  in  a  hot  hole 
and  left  there  until  melted.  The  crucibles  have  changed,  the 
holes  also  have  been  changed  in  shape  and  size,  and  the 
method  of  heating  is  not  the  same  but  the  process  is  practically 
unchanged.  Clay  crucibles  were  the  first  of  which  we  have 
any  definite  knowledge.  They  held  about  fifty  or  seventy-five 
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pounds  and  lasted  but  one  heat  and  very  often  cracked  and 
went  to  pieces  before  the  steel  was  melted.  Clay  crucibles  of 
the  present  day  are  much  more  durable  and  are  extensively 
used  in  Europe,  but  little  in  this  country.  They  have  one 
decided  advantage  over  the  plumbago,  or  graphite,  crucibles  in- 


Fig.  1.  Detail  of  Hole  in  a  Crucible  Furnace. 


asmuch  as  they  do  not  throw  off  any  carbon  during  the  melt¬ 
ing  process.  The  plumbago  crucible,  which  is  the  most  gen¬ 
erally  used  in  this  country,  consists  of  about  equal  parts  of 
plumbago  and  clay.  The  greater  part  of  the  plumbago  is  im¬ 
ported  from  Ceylon.  These  crucibles  are  capable  of  with- 
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standing  a  very  severe  heat  and  can  he  used  a  number  of  times, 
depending  greatly  on  the  nature  of  the  mix  and  also  whether 
the  crucibles  are  replaced  in  the  furnace  before  they  get  cold. 
The  usual  practice  is  to  get  as  many  heats  as  possible  from 
the  crucible  without  letting  it  cool.  As  soon  as  the  melted 
steel  is  poured  out  it  is  re-charged  by  hand,  or  by  means  of  a 
mechanical  shaker,  and  the  crucible  returned  to  the  melting 
hole. 


Furnace :  The  modern  crucible  furnace  is  of  the  regenera¬ 
tive  type  and  is  heated  by  gas,  generally  producer  gas,  al¬ 
though  where  natural  gas  can  be  obtained  it  is  often  used. 
Natural  gas  is  probably  a  more  costly  way  to  run  a  furnace 
but  it  has  many  advantages  over  producer  gas.  It  is  easier 


to  regulate,  as  the  flow  is  constant,  which  is  not  the  case  with 
producer  gas  unless  a  large  holder  is  used.  It  is  free  from  the 

poisonous  fumes  of  the  producer  gas  and  is  much  cleaner.  I 

am  not  in  a  position  to  say  whether  or  not  it  is  harder  on 
the  crucibles  and  furnace  than  producer  gas.  The  capacity 
of  a  furnace  is  spoken  of  in  pots.  That  is  a  twenty-four  pot, 
thirty-six  pot  or  sixty  pot  furnace.  That  is  the  number  of 
crucibles  the  furnace  will  accommodate  at  one  time.  The 
furnace  holes,  in  which  the  crucibles  are  placed,  hold  six  cruci¬ 
bles  so  a  thirty-six  pot  furnace  is  one  of  six  holes.  The  gas 

enters  the  holes  at  the  bottom  on  one  side,  mixing  with  the 

air  immediately  before  entering  the  melting  hole,  and  passes 
out  at  the  opposite  side  and  then  through  checker  work  to  Ihe 
stack.  When  the  valve  is  reversed  the  direction  of  the  flow 
of  the  gas  is  reversed.  This  is  done  everv  flfteen  or  twentv 
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minutes  and  in  this  way  the  checker  work  on  both  sides  is  kept 
hot.  The  gas  should  not  be  pulled  through  the  melting  hole 
too  rapidly.  If  it  is  it  will  cut  the  port  holes  and  also  cut 
the  crucibles.  The  gas  should  till  the  melting  hole  and  show 
a  small  flame  around  the  covers.  This  is  a  sure  indication 
that  the  gas  is  getting  around  the  crucible  and  not  pulling 
across  the  bottom.  The  detail  of  the  hole  is  shown  in  Fig. 
1,  and  a  modern  36-pot  furnace  in  Fig.  2. 

Charge  or  Mix:  It  has  been  said  that  the  formation  of  a 
mans  character  is  begun  generations  before  he  is  born.  This 


Fig.  2.  A  36-Pot  Furnace. 
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saying  is  applicable  to  crucible  steel,  in  fact  it  must  be 
“eugenically  treated.”  Its  parents  should  be  selected  with 
care,  in  other  words  all  material  used  should  be  of  the  best. 
Do  not  believe  the  ‘‘fakirs”  who  peddle  patent  dope  the  ap¬ 
plication  of  which  they  claim  will  turn  poor  steel  into  good.  It 
cannot  be  done.  You  cannot  make  a  silk  purse  out  of  a  sows 
ear.  You  may,  of  course,  help  poor  material  along.  It  is 
possible  to  purify  it  more  or  less  during  the  melting  process 
but  you  cannot  make  it  first  class.  No  heat  treatment,  no 
patent  nostrums  or  anything  else  can  take  the  place  of  good 
material  to  start  with. 

The  basis  of  good  crucible  steel  is  iron  and  consequently 
the  better  the  iron  the  better  will  be  the  steel.  Therefore,  it  is 
vitally  necessary  that  iron  low  in  phosphorus  and  sulphur  be 
used.  As  the  crucibles  generally  in  use  hold  from  100  to  125 
pounds,  the  mix  or  charge  is  weighed  up  in  lots  of  that  weight 
and  placed  in  pans,  called  weigh  pans,  from  which  it  is  trans¬ 
ferred  to  the  crucibles.  In  order  to  get  the  exact  analysis  the 
weighing  must  be  carefully  done,  in  many  cases  to  the  exact 
ounce.  When  the  crucible  is  filled  it  is  covered  with  a  cap. 
This  is  done  to  exclude  deleterious  gases  which  otherwise  would 
impregnate  the  steel.  When  the  material  to  be  melted  is 
weighed  up  the  amount  of  carbon  given  off  by  the  crucible  must 
be  taken  into  consideration.  If  this  is  not  done  the  carbon 
content  of  the  ingots  will  run  higher  than  expected.  The  new 
pots,  as  a  rule,  do  not  throw  off  as  much  carbon  as  they  will 
the  second  time  used  and  after  the  third  heat  the  amount  thrown 
out  will  be  immaterial. 

Melting :  The  length  of  time  necessary  to  reduce  the  mix 
to  a  molten  state  varies,  depending  on  the  makeup  of  the  mix 
itself,  and  will  take  anywhere  from  two  to  five  hours.  When 
the  steel  becomes  fluid  it  is  usually  good  practice  to  “kill  it”, 
or  in  other  words  drive  out  the  gases  which  would  otherwise 
result  in  blow  holes  in  the  ingot.  This  process  of  “killing” 
usually  takes  from  twenty  minutes  to  one  hour  or  longer. 

Molds :  The  molds  in  general  use  are  known 3s  split  angle 
molds.  They  are  made  in  two  pieces,  held  toother  by  rings 
and  wedges.  One  ring  at  the  top  and  one  at  the  bottom.  The 
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three  essential  qualities  are  long  life,  smooth  finish  and  tight 
joints.  If  the  inside  finish  is  not  smooth  the  ingot  will  have 
a  rough  surface  which  may  result  in  defects  in  the  finished  bar. 
If  the  joints  are  not  tight  the  hot  metal  will  work  through  and 
form  a  fin  on  the  ingot.  This  fin  will  have  to  be  removed,  which 
means  added  cost.  If  it  is  not  removed  it  will  work  into  the 
steel  and  cause  complications.  The  smaller  molds  have  the  bot¬ 
toms  cast  with  the  sides.  The  larger  molds,  seven  inch  and  over, 
have  no  bottoms  as  a  rule,  the  molds  being  set  up  on  removable 


Fig.  3.  Cross-sections  of  Ingots  showing  Piping. 
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bottoms.  Before  the  molds  are  used  t lie  general  practice  is  to 
smoke  them  with  rosin,  or  some  other  heavy,  greasy,  smoke  mak¬ 
ing  material.  This  prevents  the  ingots  from  sticking  and  also 
makes  a  smoother  surface.  The  molds  should  also  he  warmed 
before  using. 

Teeming  or  Pouring :  Teeming  is  a  very  important  feature 
and  is  not  merely  dumping  the  hot  steel  from  the  crucible  into 
the  mold  in  a  haphazard  way.  In  the  first  place  the  stream 
must  he  steady,  if  it  is  stopped  and  then  started  again  there 
will  he  a  weak  spot  in  the  ingot.  The  chilling  of  the  metal 
first  poured,  however  slight,  will  result  in  a  noil-homogeneous 
mass  and  the  ingot  when  hammered  will  break  at  the  point 
where  the  stopping  of  the  stream  oceured.  The  stream  should 
never  he  allowed  to  strike  the  sides  of  the  mold,  if  it  does  it 
will  cut  the  mold  and  the  result  will  be  rough  ingots  and  in  a 
heat  or  two  put  the  mold  out  of  commission ;  also  the  stream 
should  be  started  as  gently  as  possible.  If  it  is  teemed  in 
without  care  the  metal  will  splash  against  the  sides  of  the  mold 
and  cause  the  lower  part  of  the  ingot  to  be  rough.  This 
teeming  is  not  as  easy  as  it  looks  and  it  takes  considerable 
practice  to  make  a  man  an  expert.  The  weight  lifted  is  quite 
considerable,  the  crucible  and  the  tongs  weigh  about  60  pounds 
and  the  steel  about  100  pounds,  a  total  of  160  pounds.  When 
you  remember  that  this  weight  has  to  be  lifted  and  held  steady 
so  that  the  steel  will  flow  from  the  crucible  evenlv  and  at  a 

V 

uniform  rate  the  difficulty  of  doing  the  work  properly  can  be 
appreciated.  It  is  not  altogether  a  question  of  strength,  it  is 
knack.  Some  of  our  strongest  furnace  men  never  learned  to 
teem  properly.  They  had  the  strength  but  could  not  master 
the  art.  When  a  ladle  is  used,  of  course,  the  difficulty  of 
teeming  is  done  away  with  as  the  steel  can  be  dumped  into  the 
ladle  as  fast  as  possible  and  the  teeming  is  then  done  from  the 
ladle  itself.  Both  methods  have  their  advantages.  It  is 
necessary  that  the  molds  be  set  up  straight,  or  in  other  words 
plumb,  if  they  are  not  the  melter  is  more  than  likely  to  teem 
against  the  side  and  also  a  mold  out  of  plumb  is  apt  to  have 
a  bad  effect  on  the  steel  as  it  chills.  Before  the  steel  is  poured 
out  of  the  crucible  the  dirt,  which  has  risen  to  the  top  should 
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be  removed.  This  is  easily  and  quickly  done  by  means  of  a 
steel  rod  known  as  a  flux  stick,  the  flux  will  adhere  to  it  and  can 
be  removed  without  trouble. 

Pipe:  The  worst  enemy  of  the  crucible  steel  melter  is 
piping.  Piping  is  caused  by  the  sides  of  the  ingot  cooling 
faster  than  the  center.  The  molten  steel  which  comes  in 
contact  with  the  sides  of  the  mold  cools  much  faster  than  the 
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Fig.  4.  Ingots  cast  without  and  with  Hot  Tops. 
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center  of  the  ingot.  This  cooling  effect  of  the  mold  is  felt 
for  as  great  a  distance,  approximately,  as  the  mold  is  thick.  In 
other  words  a  mold  2l/2  in.  thick' will  have  a  chilling  effect  on 
the  hot  steel  for  that  depth  and  the  result  is  that  the  steel  thus 
affected  will  separate  from  the  rest  and  the  pipe  will  form.  Of 
course,  this  result  is  greatest  at  the  top  of  the  ingot  for  the 
reason  that  the  tendency  of  the  pipe  to  form  lower  down  is 
off-set  by  the  metal  from  the  upper  part  of  the  ingot  filling  in 
the  space.  The  pipe  usually  continues  as  shown  in  the  left 
hand  section  of  Fig.  3 ;  but  often,  especially  if  the  teeming  has 
been  done  too  rapidly,  the  pipe  appears  as  shown  in  the  right 
hand  section  of  Fig.  3.  This  is  the  most  dangerous  form  of 
pipe  as  it  is  not  easy  to  detect  and  remains  when  the  visible  pipe 
has  been  removed.  There  is  no  cure  for  pipe  after  it  gets 
into  an  ingot  as  it  cannot  be  welded  out  or  worked  out  and  will 
result  in  the  splitting  of  the  steel  when  hardened.  The  most 
general  mode  of  treating  pipe  is  to  use  hot  tops.  A  hot  top 
is  a  brick  made  of  fire  clay  with  a  hole  through  it.  The  size 
of  brick  and  hole  depending  on  the  size  of  the  ingot  cast.  The 
method  of  handling  hot  tops  is  as  follows :  When  the  mold 
has  been  almost  filled  the  hot  top  is  placed  on  top  of  the  hot 
steel  in  the  mold  and  the  hole  filled  with  the  melted  steel.  This 
plug,  as  we  may  call  it,  settles  into  the  pipe  as  it  develops  and 
also  has  a  tendency  to  keep  the  top  of  the  ingot  hot  and  thus  les¬ 
sen  the  pipe.  When  the  entire  mass  has  cooled  the  hot  top 
is  broken  off  and  the  top  of  the  ingot  appears  as  shown  in  the 
right  hand  ingot  of  Fig.  4,  the  hot  top,  which  has  been  broken 
lying  on  top  of  the  ingot.  The  result  of  teeming  with¬ 
out  a  hot  top  is  shown  in  the  left  hand  ingot  of  Fig.  4.  The 
hot  top,  however,  does  not  prevent  the  formation  of  small  cavi¬ 
ties  below  the  main  portion  of  the  pipe  as  shown  in  Fig.  3. 
It  should  be  remembered  that  the  hot  top  brick  must  be  heated 
to  as  high  a  temperature  as  it  will  stand  before  being  placed  in 
the  ingot.  If  this  is  not  done  the  cold  brick  will  chill  the 
steel  and  destroy  the  usefulness  of  the  hot  top. 

To  Decrease  Pipe :  A  number  of  patent  molds  have  been 
tried  but  all  have  been  of  indifferent  success  and  the  added  cost 
has  worked  against  them.  There  is  no  doubt  that  the  present 


A  10-inch  Bar  Mill. 
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style  of  mold  aids  piping  and  all  of  us  who  are  makers  of  high 
carbon  steel  are  living  in  hopes  that  some  day  someone  will  dis¬ 
cover  a  mold  that  will  eliminate  it,  at  least  to  a  great  extent. 
Some  of  the  present  molds,  those  for  instance  which  are  tapered 
with  the  large  end  up  or  those  that  have  hot  material  packed 
around  the  top  are  merely  adaptions  of  the  hot  top  idea. 

Topping :  When  the  ingots  are  cold  they  are  removed  from 
the  mold  and  topped,  that  is,  the  top  is  broken  off  so  that  a  clean 
fracture  is  obtained.  This  is  not  a  laborious  job  and  two 
trained  toppers  can  top  a  large  number  of  ingots  during  a  day  s 
work.  A  trained  eye  can  tell  from  the  fracture  the  carbon 
content  of  the  ingot  within  0.05  percent.  This  is  not  as  diffi¬ 
cult  as  it  may  seem  and  anyone  with  practice  can  become  very 
efficient.  The  manganese,  phosphorus,  sulphur  and  silicon 
cannot  be  determined  this  way.  Neither  can  the  carbon  of 
high  speed  steel  be  determined  from  the  fracture. 

Working:  The  process  of  working  the  steel  after  it  is 
made  is  of  great  importance  and  the  old  rule  of  thumb  days 
are  over.  The  heating  of  steel  was  guessed  at  and  many  a  good 
piece  of  steel  was  ruined  by  a  worker  who  inherited  his  train¬ 
ed  eye  from  his  grandfather.  Luckily  for  the  steel  maker 
the  use  of  pyrometers  is  becoming  more  general  every  day  and 
guessing  at  hardening  temperatures  is  rarely  done.  No  steel 
can  be  made  fool  proof  and  no  overheated  steel  can  be  made 
as  good  as  it  was  before  it  was  overheated.  It  can,  if  not  too 
far  gone,  be  restored  partially  but  that  is  all.  High  speed 
steel  is  as  near  fool  proof  as  any  but  even,  it  can  be  harmed  by 
too  much  fire.  The  result  of  overheating  is  interesting  and  I 
have  here  some  pieces  of  steel  which  show  its  effect.  Later  I 
will  be  glad  to  show  them  to  any  one  interested. 

Bolling :  Rolling,  like  hammering,  must  be  carefully  done 
if  good  results  are  to  be  expected.  The  heating  should  be  ex¬ 
act,  not  guessed  at.  If  the  heating  is  not  made  to  conform  to 
the  carbon  content  of  the  steel  the  results  will  not  be  satisfactory. 
Rolling  crucible  steel  is  not  a  tonnage  proposition,  it  cannot  be 
rushed  out  if  good  results  are  expected.  It  is  unlike  open 
hearth  steel,  where  as  a  general  thing  “quantity”  is  the  slogan. 
To  illustrate  the  difference.  In  reducing  a  3-inch  square  billet 
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of  open  hearth  to  inch  round,  we  would  have,  say  fourteen 
passes  through  a  mill  driven  at  high  speed  and  at  the  finish  a 
bar  of  approximately  100  feet  in  length.  With  crucible  steel, 
if  a  y2- inch  round,  we  would  have  twenty-one  passes  through  a 
mill  driven  much  slower  and  a  bar  about  twelve  to  fourteen 
feet  long,  but  the  extra  and  slower  work  means  a  finished  bar 
much  closer  to  size,  planished  and  free  from  scale.  Fig.  5 


Fig.  6.  A  1000-pound  Hammer. 
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shows  a  modern  10-inch  bar  mill  for  rolling  high  carbon  cruci¬ 
ble  steel. 

Hammers :  Hammers  are  of  two  kinds,  single  leg  and 
double  leg.  The  single  leg  hammer  has  one  advantage,  the 
absence  of  one  leg  allow  the  hammerman  to  work  both  across 
and  lengthwise  on  his  die  which  is  at  times  an  advantage.  This 
hammer,  however,  is  more  difficult  to  keep  steady  than  the 
two  leg  hammer  as  it  has  a  tendency  to  spring  with  the  blow 
of  the  ram  and  thus  work  loose  on  its  foundation.  The  dif¬ 
ferent  size  hammers  and  the  size  of  the  work  usually  done  on 
them  is  as  follows :  A  500  lb.  hammer,  is  capable  of  handling 
bars  %-inch  up  to  and  including  ^4-inch.  Fig.  6  shows  a  1000 
lb.  hammer  which  handles  bars  from  ^-inch  to  1^-inch.-  A 
2000  lb.  hammer  can  work  bars  1^-inch  to  3-inch  and  a  three 
ton  hammer,  shown  in  Fig.  7,  bars  from  three  to  six  inch.  Of 
course,  smaller  or  larger  sizes  than  those  enumerated  can  be 
worked  on  the  various  hammers,  but  the  general  practice  is 
within  the  limits  given. 

The  500-ton  steam  hydraulic  press,  showm  in  Fig.  8,  will 
work  high  carbon  ingots  16  in.  square.  The  press  has  some 
advantages  over  a  hammer.  It  is  much  easier  on  the  work¬ 
men  as  it  is  free  from  shock  and  jar  and  for  this  same  reason 
it  does  not  cause  deterioration  of  furnaces  arid  foundations  ad¬ 
jacent  to  it.  It  works  the  steel  all  the  way  through  and  gives 
it  a  density  which  a  hammer  does  not.  This  is  probably  due 
to  the  fact  that  pressing  the  steel  causes  it  to  flow  while  the 
blow  of  the  hammer  is  merely  local  and  is  not  sustained  long 
enough  to  affect  the  steel  to  the  center. 

Hammering :  Hammered  steel,  that  is  steel  worked  into 
shape  under  a  hammer,  must  be  very  carefully  handled  if  the 
best  results  are  to  be  obtained.  The  bar  to  be  hammered  must 
not  be  overheated,  if  it  is  the  coarse  grain  resulting  will  not 
respond  to  the  refining  influence  of  the  hammer,  but  it  must 
be  soaked  or  in  other  words  heated  through.  The  hammering 
must  be  done  intelligently  and  the  blows  of  the  hammer  regu¬ 
lated  to  correspond  to  the  diminishing  heat  of  the  bar.  It  is 
also  important  that  the  work  done  should  not  be  done  under  a 
hammer  too  heavy  or  too  light  for  the  work.  A  heavy  ham- 


106  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

mer  will  rupture  the  steel  and  a  hammer  too  light  will  necessi¬ 
tate  too  many  blows  and  continued  reheating.  The  weight  of 
a  hammer  is,  in  shop  parlance,  governed  by  the  weight  of  the 
ram,  piston  rod  and  piston  head.  For  example  if  the  ham¬ 
mer  is  a  six  ton  hammer  then  the  rod,  ram  and  head  weigh 
six  tons.  The  dies  of  the  hammer  are  made  of  cast  iron  with 
a  chilled  surface,  ground  to  a  smooth  finish.  The  proper 


Fig.  7.  A  3-Ton  Hammer. 
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grinding  of  dies  is  an  art,  for  if  the  dies  are  improperly  ground 
it  is  impossible  to  get  good  results,  as  the  bar  will  be  hard  to 
hold  and  will  jump  at  each  blow  of  the  hammer,  the  result  be¬ 
ing  that  the  work  will  not  be  true  to  shape  or  size.  Steel  dies 
are  sometimes  used  but  they  do  not  take  the  smooth  surface 
and  polish  of  the  iron  dies  and  consequently  will  not  planish 
the  steel  as  well.  The  proper  hammering  of  steel  is  the  work 
of  an  expert.  It  cannot  be  learned  in  a  day  and  a  man  to  be 
a  good  hammerman  should  have  served  an  apprenticeship  under 
a  first  class  worker.  Although  hammermen  are  paid  by  the 
ton  the  work  is  not  rushed  out,  and  quality  not  quantity  should 
be  the  watch  word.  This  does  not  mean  that  a  man  does  not 
do  a  fair  days  work.  It  is  well  known  what  a  days  work  is 
on  any  shape  and  size  but  if  the  work  is  to  be  first  class  as  to 
finish  and  heat  treatment  it  cannot  be  rushed.  In  order  to 
insure  good  hammermen  in  Sheffield  years  ago,  the  apprentice¬ 
ship  was  long  and  the  ‘  ‘  Cub  ’,  who  was  not  over  fourteen  vears 
at  the  time  of  his  being  indentured,  was  bound  out  to  the  ham¬ 
merman  for  seven  years.  His  wages  were  what  the  ham¬ 
merman  chose  to  give  him  and  the  apprentice  as  a  rule  lived 
with  his  boss  and  was  treated  as  one  of  the  family.  If  the 
hammerman  did  not  play  fair  the  apprentice  had  recourse  to 
the  law  and  could  compel  the  hammerman  to  live  up  to  his 
agreement.  It  shows  what  training  was  thought  necessary  in 
order  to  develop  a  good  workman. 

Inspection:  All  crucible  steel  should  be  very  thoroughly 
inspected  for  defects  before  shipping.  It  is  much  better  for 
all  concerned  to  keep  your  trouble  at  home  and  if  there  is  anv 
doubt  as  to  the  soundness  of  a  bar  it  should  be  scrapped.  It 
will  be  cheaper  in  the  end  to  do  this  than  to  take  a  chance. 
Inspectors  should  be  given  plenty  of  time  and  not  hurried  in 
their  work.  All  bars  should  be  topped  and  carefully  examined 
for  pipe.  Usuallj"  pipe  is  easy  to  detect  but  at  times  pipe 
shovs  in  the  form  of  a  bright  spot,  no  larger  than  a  pin  point, 
known  as  a  star”.  It  does  not  indicate  the  size  of  the  pipe 
further  in  the  bar  and  must  be  followed  until  no  trace  of  pipe 
can  be  found.  If  the  surface  of  the  finished  bars  show  seams 
they  should  be  filed  out  if  not  too  deep.  If  allowed  to  remain 


108  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


they  will  cause  trouble  especially  in  a  cutting  tool,  as  they  will 
cause  cracks  when  the  steel  is  hardened.  If  the  seams  are 
too  deep  to  file  out  easily  the  bar  should  be  scrapped. 

Carbon  and  Alloy  Steels :  The  usefulness  of  alloy  steels  was 
not  generally  known  until  a  few  years  ago.  Mr.  Robert  Mushet, 
who  was  the  pioneer  manufacturer  of  self  hardening  or  air 
hardening  steel,  made  his  discovery  in  1868.  This  steel  dif- 


Fig.  8.  A  500-Ton  Steam  Hydraulic  Forging  Press.  ' 
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fered  from  the  ordinary  or  straight  carbon  steel  in  that  it  con¬ 
tained  tungsten  and  that  it  would  harden  if  heated  and  then 
allowed  to  cool  in  the  air.  This  Mushet  steel  had  the  field  to 
itself  until  Mr.  F.  W.  Taylor  and  Mr.  Maunsel  White,  of  the 
Bethlehem  Steel  Company,  discovered  high  speed  steel.  This 
discovery  was  the  result  of  about  twenty -five  years  of  hard 
work.  About  50  000  experiments  wTere  made  and  recorded  at 
an  approximate  cost  of  $200  000.  It  was  unfortunate  that 
these  gentlemen  did  not  receive  the  reward  their  labors  surely 
entitled  them  to.  Their  application  for  a  patent  was  denied 
and  there  was  a  general  rush  of  steel  manufacturers  into  the 
high  speed  market,  and  today  there  are  over  one  hundred  brands 
of  high  speed  steel.  The  Taylor-White  steel  was  a  Tungsten 
steel  vith  the  addition  of  Vanadium.  These  ^tungsten-vana¬ 
dium  high  speed  steels  had  the  market  to  themselves  until 
Becker  introduced  cobalt  steel.  This  steel  is  a  tungsten-vana¬ 
dium-cobalt  steel,  which  has  some  valuable  properties.  Tungsten 
interested  the  scientific  world  some  years  before  Mushet  demon¬ 
strated  its  value.  We  find  that  in  1783  tungsten  was  found  in 
the  metallic  state  by  D  Elbingar,  who  presented  a  memoir  on 
the  subject  to  the  Academy  of  Science  at  Toulouse.  The  Due 
de  Luynes  in  1844  published  a  memoir  on  the  manufacture  of 
cast  and  damasked  steel  wherein  he  points  out  that  tungsten 
appears  in  eight  of  nine  analysis  given  of  oriental  damasked 
steel.  At  the  Congress  of  Miners  and  Smelters,  held  in  Vienna 
in  1858,  many  specimens  of  tungsten  steels  were  shown.  At 
that  time  there  were  many  advocates  of  the  good  results  of 
tungsten  and  also  many  who  could  see  in  it  no  value. 

Do  not  confuse  tool  steel  with  crucible  steel.  This  is  a  very 
common  error  and  one  which  should  be  avoided.  Cast  steel  is 
also  misleading  in  as  much  as  it  often  deceives  the  user.  Many 
of  the  cheaper  grades  of  tools  are  made  of  open  hearth  steel, 
which  is  also  a  cast  steel,  so  it  is  seen  that  tool  steel  and  cast 
steel  do  not  necessarily  mean  crucible  steel.  Another  error 
which  is  frequently  run  into  is  the  supposition  that  the  grade 
of  steel  depends  on  its  carbon  content.  This  is  a  mistake  and  the 
ordinary  grades,  I  mean  by  ordinary,  straight  carbon  steel,  or  in 
other  words  non-alloy  steel,  can  be  furnished  in  any  reasonable 
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carbon.  Another  misapprehension  under  which  many  users  of 
steel  labor  is  that  the  grades  of  steel  can  be  established  by 
analysis.  This  is,  of  course,  not  the  case.  I  have  seen  many 
analyses  of  open  hearth  steel  which  were  better  than  the  ordi¬ 
nary  grades  of  crucible  steel.  If  the  chemical  analysis  of  steel 

» 

was  all  that  was  necessary  to  establish  its  worth  the  open  hearth 
would  have  put  the  crucible  out  of  business  long  ago. 

That  the  forming  of  combinations  has  not  caused  a  decrease 
in  the  number  of  plants  engaged  in  the  manufacture  of  crucible 
steel  is  clearly  shown  in  the  following  table : 


Year 

No.  of  Companies 

Gross  Tons 

1889 

43 

111  500 

1892 

45 

105  000 

1894 

48 

99  000 

1896 

45 

98  700 

1898 

45 

177  000 

1901 

45  ' 

175  000 

1904 

57 

226  610 

1908 

79 

295  385 

Tn  1901,  the  period  of  combinations,  it  shows  that  there 
were  forty-five  companies  engaged  in  the  manufacture  of  cruci¬ 
ble  steel,  while  in  1908,  there  were  seventy-nine  companies  in  the 
business.  These  figures  were  taken  from  the  reports  of  the 
American  Iron  &  Steel  Association. 


HOW  THE  ANCIENTS  WOULD  HAVE 
CONI 'ROLLED  THE  MISSISSIPPI 
AND  ITS  TRIBUTARIES 


By  Sir  William  Willcocks* 


"When  I  v  put  to  South  Africa  for  the  British  Government 
about  ten  years  ago  I  remember  being  asked  to  address  a  num¬ 
ber  of  Boer  farmers  on  the  question  of  rust,  which  had  attacked 
their  wheat  crops.  After  describing  to  them  how  the  Egyptians 
had  for  7000  years  sown  wheat  and  leguminous  crops  in  rotation, 
and  at  the  end  of  those  7000  years  had  their  land  as  rich  as  it 
was  when  they  first  began,  while  the  Boers  in  50  years  by  grow¬ 
ing  cereals  only  had  made  their  land  so  poor  they  could  scarcely 
get  anything  to  grow  on  it,  I  thought  I  had  made  an  impres¬ 
sion  on  those  people;  but  when  I  had  finished,  the  chairman 
said  to  me,  “Now  don’t  talk  to  us  about  those  exploded  old 
world  theories  of  rotation  of  crops.  We  young  people  have 
altogether  grown  out  of  that.”  My  discourse  on  that  occasion 
vas  fruitless.  I  hope  for  different  things  from  you. 

With  your  permission  I  am  going  to  tell  you  how  1  think 
the  ancients  would  have  controlled  the  Mississippi  River  and 
the  flood  problems  you  have  in  this  country.  The  problems  on 
the  Mississippi  are  harder  than  those  on  the  Nile.  They  are 
like  those  on  the  Euphrates,  but  the  Tigris  is  more  difficult.  In 
Egypt  they  began  reclaiming  the  delta  from  upstream  down¬ 
wards.  When  they  had  reclaimed  a  certain  part  they  let  the 
water  flow  on  and  reclaimed  another,  and  so  on.  That  was  a 
simple  problem.  On  the  Euphrates  and  Tigris  they  began  from 
the  mouth  upwards,  as  you  have  done  on  the  Mississippi. 

Presented  at  the  regular  monthly  meeting  of  the  Society  May  LI,  1!»14. 

♦Consulting  Engineer,  Cairo,  Egypt. 
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I  find  that  the  Mississippi  is  about  four  times  the  size  of 
the  Nile,  seven  times  the  size  of  the  Tigris  and  twelve  times  the 
size  of  the  Euphrates.  But  size  in  these  questions  has  nothing 
to  do  with  difficulty.  Indeed,  I  have  always  found  in  any 
problems  I  have  had  to  do  with,  that  the  bigger  the  problem 
the  more  easy  it  was  to  solve.  You  can  see  a  big  problem  so 
clearly  and  its  difficulties  lie  patent.  I  have  always  considered 
that  a  thing  like  the  Assuan  dam  with  180  openings  is  less  of 
a  problem  than  a  dam  or  a  bridge  with  only  one  opening,  be¬ 
cause  if  one  fails,  and  you  have  only  one,  the  whole  thing  fails; 
but  if  you  have  180  and  one  or  two  fail  you  have  still  178. 
And  to  bring  it  home  to  all  of  us,  I  am  sure  there  is  not  a  single 
married  man  among  us  who  does  not  know  that  Solomon  with 
his  300  wives  had  a  much  easier  problem  than  any  of  us  has 
with  his  one  wife. 

The  ancients  were  always  very  much  in  earnest  with  their 
rivers,  far  more  so  than  you  are  here.  In  this  country  the  lands 
likely  to  be  inundated  by  the  rivers  lie  here  and  there  scattered 
over  the  face  of  the  country.  But  in  Egypt  and  ancient  Baby¬ 
lonia  they  had  nothing  but  what  was  irrigated  by  their  rivers 
and  able  to  be  inundated  by  them.  Everything  else  was  desert. 
Imagine  for  an  instant  the  Senators  and  Representatives  in 
Washington  sitting  down  and  looking  academically  at  the  ques¬ 
tion  of  the  Mississippi  River  levees,  if  the  Capitol  itself  were 
located  behind  one  of  the  levees  of  the  Yazoo  basin.  Or  im¬ 
agine,  as  you  have  here,  the  Commission  which  looks  after  the 
Mississippi  levees  taking  care  to  locate  itself  well  up  at  St. 
Louis  where  it  is  totally  out  of  danger.  In  Babylonia  we  should 
have  made  them  all  live  behind  the  worst  of  their  levees,  and 
whatever  else  they  did  they  would  not  have  had  any  breaches. 
I  believe  vou  call  them  crevasses;  we  call  them  breaches.  Ac- 
cidents  happened  on  the  Mississippi  in  1912  and  millions  of 
acres  were  inundated,  4  000  000 — the  whole  of  Egypt  is  only 
6  000  000 — and  little  thought  was  taken  of  it  in  this  country. 
In  the  seventh  century  of  our  era  a  very  serious  breach  occurred 
in  the  Tigris  levee  and  the  King  on  that  occasion  threw  400 
engineers  and  supervisors  into  the  breach. 

In  1887  when  we  had  our  last  very  high  flood  on  the  Nile 
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I  saw  a  white  haired  man  going  about  his  work  very  energet¬ 
ically,  and  T  said  to  him,  ‘‘I  have  never  seen  an  old  man  as 
energetic  as  you ’ \  He  said,  “I  am  not  old,  only  my  hair  is 
gray”.  I  said,  “How  did  it  become  gray?”  He  said,  “I  had 
charge  of  the  Nile  bank  in  the  great  breach  of  1878.  When  it 
occurred  the  Khedive  telegraphed  to  throw  the  engineer  into 
the  breach.  I  was  that  unfortunate  man.  They  did  not  throw 
me  in  because  the  telegram  arrived  at  evening,  and  they  said 
they  would  do  it  at  daybreak.  My  wife  and  other  members  of 
my  family  went  up  on  special  train  to  implore  the  Khedive  to 
let  me  off.  And  in  the  morning  1  found  that  my  hair  had 
grown  absolutely  gray”. 

The  Mississippi  has  been  reclaimed,  unfortunately  for  itself, 
from  the  mouth  up.  Louisiana  made  for  itself  fields  and  gar¬ 
dens  behind  its  levees.  When  the  next  State  farther  up  the 
river  made  its  levees  and  concentrated  the  flow,  it  put  Louisi¬ 
ana  into  difficulties.  Louisiana  raised  its  levees  and  then  it 
went  easier  until  the  next  State  up  stream  started  to  build 
levees.  And  however  hard  Louisiana  works,  it  can  barely  keep 
ahead  of  the  difficulties  brought  on  it. 

That  is  exactly  what  happens  in  Noah  s  flood.  There  was 
no  Noah’s  flood  in  Egypt  because  in  making  their  river  control 
works  they  came  down  with  the  river.  On  the  Euphrates  they 
traveled  up,  and  it  was  a  very  large  dike  thrown  up  to  protect 
some  upper  basin  which  threw  the  whole  waters  of  the  river  on 
those  low  er  down,  which  produced  the  catastrophe  known  as 
Noah’s  flood. 

The  Mississippi  from  Cairo  to  the  sea  has  a  length  of  1000 
miles;  in  a  straight  line  it  is  550  miles,  and  the  width  of  the 
valley  is  about  50  miles.  The  fall  in  flood  is  320  feet  and  in 
low  water  270  feet;  1540  miles  of  levees  are  along  its  banks. 
(In  Egypt  we  have  about  900  miles  of  levees.)  The  salient 
points,  where  the  Mississippi  bends  from  side  to  side,  need 
protection  and  cover  400  miles.  The  natural  reservoirs  in  the 
Mississippi  valley,  which  I  shall  call  basi)is  to  distinguish  them 
from  reservoirs  which  are  proposed  in  the  hills,  cover  a  very 
large  area.  The  St.  Francis  basin  with  4  000  000  acres,  the 
Yazoo  with  4  000  000,  the  Tensas  with  3  000  000,  and  smaller 
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reservoirs  on  the  sides,  bring  the  total  above  the  Red  River  to 
12  500  000  acres.  Down  stream  from  the  Red  River  are  6  500  000 
acres.  These  give  altogether  19  000  000  acres  of  natural  reser¬ 
voirs. 

Like  all  deltaic  river  valleys,  that  of  the  Mississippi  is 
highest  near  the  river  bank  and  slopes  away  to  the  hills  on 
either  side.  In  places  the  water  at  the  bank  is  30  ft.  higher 
than  at  the  hills,  so  that  when  the  water  makes  a  breach  it  has 
plenty  of  land  to  go  over  and  finds  it  very  easy  to  get  away. 
Then  this  river  like  all  deltaic  rivers,  brings  down  a  great  deal 
of  sediment.  But. the  river  soon  begins  to  drop  this  into  its  bed, 
and  then  cuts  out  from  the  sides  at  the  bends.  Low  down  in 
its  course  nearly  the  whole  of  the  sediment  in  the  river  is  that 
which  the  river  itself  is  cutting  from  its  own  banks. 

Allowing  six  feet  of  water  above  the  natural  bank  of  the 
river,  which  is  where  the  flood  of  1882  came  to,  I  calculate  that 
these  natural  basins,  or  reservoirs,  in  the  Mississippi  valley 
itself  .represent  about  12  500  000  acres,  eight  feet  deep,  or  100- 
000  000  acre  feet.  I  have  put  these  figures  into  acre  feet  because 
left  in  cubic  feet  they  run  into  nine  or  ten  naughts,  which  repre¬ 
sent  things  we  do  not  understand. 

Now  if  the  ancients  had  had  this  river,  they  would  have 
considered  these  reservoirs  as  a  great  asset,  and  never  would 
have  used  them  or  let  them  be  cut  by  levees  until  they,  were 
quite  sure  that  all  the  lands  below  were  well  protected  against 
inundation.  As  the  first  lands  to  be  reclaimed  were  in  Louisi¬ 
ana,  the  next  basin  above  it  is  the  Tensas.  They  would  have 
done  one  of  two  things.  They  would  have  either  run  the  levee 
down  one-half  the  length  of  the  Tensas,  letting  the  other  half 
be  flooded,  or  they  would  have  taken  half  the  basin  in  the  length 
of  the  river  and  surrounded  it  with  levees,  and  let  the  river  go 
around  the  other  half.  But  they  would  not  have  allowed  a 
levee  to  be  put  up  until  the  lower  ones  had  been  strengthened. 
Having  done  that  and  allowed  eight  or  ten  years  for  the  river 
to  adjust  itself  to  the  new  conditions,  they  would  have  gone 
to  the  next  basin,  the  Yazoo,  and  taken  half  of  it  and  treated 
it  in  the  same  way,  previously  protecting  all  the  levees  below. 
Then  in  thirty  or  fort}^  years  they  would  have  gone  to  the  next, 
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the  St.  Francis,  and  taken  half  and  treated  it  the  same  wav. 
taking  care  that  everything  from  there  downward  was  w  -[[' 
above  the  level  of  any  possible  flood. 

-is  this  operation  went  on  and  the  waters  were  rat  off  from 
overflowing  the  basins  and  kept  within  the  ehanneL  the  river 
would  gradually  have  widened,  and  may  be  deepened  itself 
to  meet  the  new  conditions.  It  would  have’  needed  time  for  that 
bat  you  people  in  this  country  gnre  nothing  time,  aud  the 
issippi  River  has  had  no  time  to  do  anything  in  all  the  oper¬ 
ations  that  have  been  performed  on  it.  Ever*-  time  a  bra* 
or  crevasse  occurs  in  a  levee  the  river  down  stream  for  50  or  ®) 
miles  is  totally  disorganized  and  ail  the  good  done  in  previous 
years  is  thrown  away,  and  the  work  of  making  the  channel 
salt  its  new  conditions  has  to  be  done  again.  If  it  had  been 

the  wa-!  the  aad“*»  ^  the  Mississippi  with  its  1» 

)  acres  of  valley,  woolii  have  had  9C00WK)  acres  *ho" 
oughly  reclaimed.  and  10  000  000  acres  still  covered  with  water 

m  flood  time— and  being  greatly  improved  with  the  mad  de- 

posited  on  them. 

Acting  in  a  way  different  from  this  and  letting  every  one 

a<¥iAoLWMeh  WaS  g'XJ,i  m  ^  *yes-  ao  more  tiLaa  aboat 
.  .W  acres  have  been  reclaimed,  instead  of  9000000  and 

maeh  of  it  inherently,  while  the  primeval  forest  covers  bv 

tar  the  larger  part  of  the  land. 

Some  may  say  that  this  is  purely  an  academic  discussion. 
Tlus  is  what  the  ancients  would  have  done.  Now  the  question 

.  °re  ^  18  Wlth  tte  river  as  it  is.  supposing  the  ancient  en¬ 
gineers  came  into  this  valley  as  it  is  today,  what  would  they  have 

one  with  it?  I  win  first  describe  what  the  Mississippi  Tall- 

18  ITT7 ‘  i_ M  •V°a  ®°  dowl1  6:001  Cairo-  the  first  basin  on  the 
right  bank  is  the  St.  Francis,  with  4000000  acres,  and  ft  has 

!f™norfl0Ilg  aIm°St  hS  entiK  Ien?ttL  ^  Tazo’-1  basia  ‘>t 
,  -fertS  °“  Ieft  has  a  Iew  *Wt  its  entire 

engt  .  On  the  right  bank  the  Tensas  with  3  000  000  lores  his 

the  same;  and  from  the  Red  River  on.  both  banks  have  levees 
past  New  Orleans  to  the  sea.  The  small  basins  are  unprotected. 

I  wifi  lay  down  a  few  propositions  Before  a  basin  like  the 
'  Franels  B  aUowe*:f  t«>  have  a  levee,  from  the  end  of  that 
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levee  downward,  calculations  should  be  made  and  the  height  of 
the  flood  which  is  going  to  be  artificially  produced  by  that 
levee,  calculated.  Then  profiles  of  levees  5  ft.  above  flood  should 
be  put  up,  10  ft,  wide,  every  10  miles  all  the  way  down  the 
river,  so  that  every  man  could  see  for  himself  the  terrible  con¬ 
dition  that  is  coming. 

If  for  example,  the  Mississippi  when  in  its  banks,  discharges 
1  000  000  cubic  feet  a  second  with  a  velocity  of  six  feet  it  has 
worked  out  for  itself,  owing  to  the  kind  of  soil  which  it  has  in 
its  valley — and  a  very  poor  and  bad  soil  it  is  to  resist  the  cur¬ 
rent — it  has  cut  out  for  itself  a  channel  5000  ft.  wide,  and  33 
ft.  deep.  If  you  put  the  whole  discharge  of  2  000  000  feet  a 
second,  that  passes  Cairo,  into  the  stream  it  would  begin  by 
having  a  depth  of  48  ft.  or  it  would  rise  15  ft.  at  once,  and 
with  its  width  still  5000  ft.,  a  velocity  of  eight  feet  a  second, 
which  is  a  great  increase.  It  would  undoubtedly  begin  to 
widen  itself.  This  river  has  a  width  which  is  150  times  its 
natural  depth,  so  that  when  you  increase  its  depth  by  15  ft. 
it  would  want  to  increase  its  width  by  over  2000  ft.  But  as  it 
increases  its  width  by  every  ten  or  eleven  feet,  the  section  in¬ 
creases  and  its  depth  falls.  With  water  which  is  wonderful  in 
its  adjustment,  the  stream  would  adjust  itself  and  in  time,  if 
left  alone  to  work  out  its  own  salvation,  it  would  become  a 
river  about  6500  ft,  wide  and  say  40  ft.  deep.  And  so  gradually 
working  in  this  way  you  would  have  got  your  river  only  seven 
feet  above  its  banks  in  highest  flood.  But  working  suddenly 
and  raising  suddenly  is  not  engineering. 

More  important  even  than  the  levees  as  the  river  sweeps 
around  its  bends  in  its  valley  are  the  protective  wrorks  at  its 
sides.  This  protection  is  very  well  done  in  this  country.  Not 
enough  is  done  to  keep  pace  with  the  requirements  of  the  river, 
but  what  is  done  is  well  done.  The  river  instead  of  tearing 
down  its  banks  in  poor  soil,  is  fixed  by  matting  and  stone,  as 
though  it  was  flowing  between  hills.  With  these  protective 
works  I  consider  that,  if  the  river  in  its  natural  soil  can  run 
six  feet  a  second  without  difficulty,  it  could  take  seven  feet 
quite  easily  if  well  protected.  Now  in  this  country  there  is  no 
nervousness  in  raising  the  water  15  ft,  in  height  and  increasing 
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the  velocity  from  six  feet  to  eight  feet,  but  the  extra  velocity 
that  would  come  from  these  great  bends  being  cut  across  to 
make  the  channel  shorter  has  occasioned  extraordinary  nervous¬ 
ness.  \  et  of  the  two,  as  I  see  it,  this  is  the  less  dangerous. 
If  you  increase  the  velocity  from  six  feet  to  eight  feet  that 
velocity  goes  clear  down  the  whole  river;  but  if  you  cut  off  a 
bend  and  increase  the  velocity  at  any  point  you  immediately 
decrease  the  depth,  and  this  lias  a  wonderful  way  of  adjusting 
itself.  This  I  have  seen  for  myself.  But  if  you  let  a  cut  off  take 
place  in  a  high  flood  when  the  river  is  full  and  velocity  very 
great,  you  court  an  enormous  amount  of  damage.  Such  things 
the  ancients  would  have  done  just  after  the  flood.  They  would 
have  cut  it  so  that  the  river  would  have  had  eight  or  nine 
months  to  flow  under  its  new  conditions  and  when  the  next 
flood  came  it  would  not  have  been  very  serious,  as  the  river 
had  adjusted  itself  to  its  channel.  For  in  all  such  rivers  if 
you  can  get  the  low  water  supply  to  flow  in  any  channel,  and 
it  is  happy  in  that  channel,  the  flood  will  follow  it  without  any 
difficulty.  I  assume  that  the  salient  bends  are  well  protected 
with  mattrasses  and  stone  in  your  best  style.  Well  burnt,  huge 
bricks  of  the  Babylonian  type  might  be  cheaper  and  better  than 
stone.  Great  monoliths  might  be  fused  in  this  way. 

Where  the  levee  is  far  away  from  the  mattress  protections 
it  might  pay  to  protect  only  1000  ft.  per  mile  and  let  the  river 
bite  into  its  banks  between  these  fixed  points.  There  would  be 
a  limit  to  the  biting  action  and  a  million  dollars  might  go  as 
far  as  three  million  would  go  if  you  protected  every  inch.  It 
is  worth  trying  where  the  levees  are  far  back. 

It  is  often  said  that  the  river  Theiss  in  Hungary  was  a 
winding  river  and  they  cut  off  the  bends  with  the  result  that 
the  water  swept  down  the  valley  and  destroyed  the  towns  and 
lands  lower  down.  But  that  was  very  foolishly  done.  If  in¬ 
stead  of  beginning  at  the  source  and  cutting  ten  or  twelve 
bends  off  at  once,  they  had  begun  from  the  bottom,  or  mouth 
of  the  river,  and  worked  upwards,  cutting  off  one  a  year,  they 
would  have  had  none  of  those  difficulties,  and  the  citation  of 
this  river  as  a  type  of  that  kind  of  work  is  not  an  accurate 
thing.  It  was  a  very  badly  managed  job. 
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When  once  a  river  has  accustomed  itself  to  a  new  channel 
we  know  from  the  river  Nile,  whose  records  go  back  5000  years, 
that  streams  like  these  raise  themselves  gradually  on  their  beds 
very  slowly.  The  Nile  valley  rises  about  five  inches  in  100 
years.  (The  Euphrates  has  risen  about  \l/2  ft.)  So  steady  is 
this  rise  that  today  if  you  dig  down  21  ft.  in  the  Nile  valley 
and  find  the  foundations  of  a  building  you  can  calculate  the 
number  of  years  at  five  inches  for  every  100  years,  and  you  can 
say  B.  C.  4000  or  5000,  or  whatever  it  may  be,  this  building 
was  built  here.  And  when  you  dig  it  up  and  find  the  remains 
you  are  nearly  always  right,  as  the  rise  has  been  steady  through 
all  the  centuries.  And  although  no  records  of  this  kind  go  back 
in  Babylonia,  yet  the  same  thing  is  true,  because  the  founda¬ 
tions  of  the  different  buildings  in  different  ages  and  the  different 
facts  recorded  all  bear  witness  to  this  steadiness  of  rise  of  the 
country. 

Now  I  repeat  that  of  all  the  things  you  do  on  the  river  the 
first  and  most  important  is  to  protect  the  cutting  of  the  banks 
at  the  salient  bends;  because  when  you  increase  the  velocity 
and  change  the  river  from  what  it  was,  the  thing  to  do  is  to 
fix  the  points  within  which  it  must  flow.  While  it  wanders 
inside  those  limits,  it  does  not  matter  what  it  does. 

I  have  considered  this  problem  only  to  the  Atchafalaya 
Escape  at  the  Red  River  because  below  this  there  need  be  no 
difference.  This  is  a  very  efficient  escape  which  goes  into  the 
Gulf  of  Mexico  and  is  capable  of  taking  away  all  the  excess 
waters.  I  have  seen  it  stated  that  a  river  is  spoiled  by  having 
an  escape  like  that  but  I  think  that  is  a  misstatement.  If  a 
river  is  carrying  1  500  000  cu.  ft.  a  second  in  flood  and  a  breach 
occurs  on  one  bank  and  500  000  cu.  ft.  goes  away  and  that  stream, 
discharging  1  500  000  cu.  ft.,  suddenly  finds  itself  carrying  only 

1  000  000  the  silt  is  immediately  deposited.  But  if  you  have  a 
river  capable  of  carrying  1  500  000  cu.  ft.  and  it  suddenly  has 

2  000  000  cu.  ft.  put  into  it,  I  think  it  is  a  wise  thing  to  let 
that  extra  500  000  cu.  ft.  go  down  the  escape  and  never  enter 
the  channel  capable  of  carrying  1  500  000  cu.  ft.  I  am  rather 
rusty  in  my  Latin  and  I  wish  you  to  correct  me  if  I  am  wrong, 
but  I  think  the  old  Latin  phrase  is  “Natura  non  facit  saltum”, 
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that  is  “Nature  makes  no  leaps”.  It  is  not  the  deliberate 
removal  of  water  but  the  sudden  removal  by  breaches  or  crev¬ 
asses  which  is  so  harmful. 

There  is  no  reservoir  that  you  can  find  for  a  river  so  good 
as  one  of  these  open  basins  on  its  banks.  The  river  carries  its 
1  000  000  cu.  ft.  per  second  and  it  is  within  its  banks.  As  it 
rises  above  1  000  000  it  overflows  not  in  one  place,  but  in  a 
hundred  or  a  thousand  or  a  million,  along  its  entire  length  ot 
bank.  That  kind  of  overflow  does  not  disorganize  the  stream 
for  it  leaves  the  stream  in  perfect  order  and  relieves  it  of  an 
excess  of  water,  so  that  if  you  make  a  levee  along  one  bank  of 
the  river  and  let  the  other  overflow  you  get  a  moderately  in¬ 
creased  scour  under  control,  and  not  out  of  control,  as  it  is  it 
levees  are  built  on  both  sides.  The  ancients  did  this  always. 
They  built  a  levee  on  one  bank  and  when  the  river  was  capable 
of  passing  the  excess  of  water  with  one  levee  they  went  to  work 
on  the  other.  In  this  country  you  have  brought  both  levees 
up  together.  If  the  central  government  were  to  say  to  a  State, 
if  you  put  up  your  levee  where  we  are  not  prepared  for  it  we 
•shall  give  you  no  help,  the  State  would  wait  until  the  le\ees 
below  were  ready,  because  no  one  in  the  valley  would  mo\e  a 
hand’s  breadth  if  they  were  sure  that  the  central  authority 
would  give  them  nothing. 

We  often  hear  it  stated  that  things  are  better  today  than 
tliev  were  in  1882  when  there  was  one  of  the  greatest  floods 
the  Mississippi  has  known,  because  there  were  442  breaches  then 
and  only  nine  in  1912.  But  when  the  water  was  only  oi  a 
moderate  height  above  the  country,  hundreds  of  breaches  would 
not  do  as  much  harm  as  one  breach  when  it  is  12  or  15  ft.  above 
the  level  of  the  country.  To  compare  these  many  breaches  with 
one  large  breach  is  very  well  explained  by  a  fable  of  Aesop 
which  nicely  expresses  this  situation.  The  lioness  with  her  one 
cub  went  out  for  a  walk  and  met  the  fox  with  her  ten  cubs. 
The  fox  called  attention  to  the  great  discrepancy  in  numbers 
between  her  cubs  and  the  lioness’.  The  lioness  replied:  Mv 
dear  woman,  this  is  a  lion”. 

Today  a  new  difficulty  has  begun  to  appear  owing  to  rais¬ 
ing  the  water  on  the  levees  up  to  10,  12,  14  or  16  ft.  These  are 
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boils  .  Where  the  water  is  5  or  6  ft.  high  on  a  levee  there 
is  no  difficulty.  But  when  the  water  rises,  it  forces  its  way 
through  decayed  trees  buried  in  the  soil  under  the  levees,  or 
through  holes  bored  by  crabs,  and  bursts  out  on  the  other  side 
like  a  geyser.  Many  breaches  in  the  last  overflow  they  say  are 
attributable  to  this  sudden  undermining  of  the  levee  which  no 
human  being  could  foresee. 

So  serious  has  this  become  today  on  the  Mississippi  that 
Major  Dabney,  one  of  the  most  experienced  of  the  government 
engineers  in  the  valley,  thinks  it  may  be  necessary  to  build  two 
levees,  one  behind  the  other,  which  will  add  many  millions  of 
dollars  to  the  expense  of  this  work. 

I  have  often  heard  it  said  that  it  seems  a  pity  to  allow  ' 
any  land  not  to  be  protected  by  a  levee  and  to  leave  it  open 
to  the  floods.  But  when  you  consider  that  out  of  the  12  500  000 
acres  in  the  upper  valley,  there  are  only  4  000  000  cultivated 
today  and  8  000  000  are  still  primeval  forest,  to  go  ahead  and 
throw  up  levees  to  drown  out  people  down  below  in  order  to 
piotect  a  large  area  of  primeval  forest  is  not  doing  any  good 
to  the  country,  but  rather  harm.  While  if  the  water  was  allowed 
to  flow  over  this  land,  not  as  it  likes,  but  within  dikes  carefully 
done  as  it  is  in  Egypt,  this  land  in  20  or  30  years  would  be  so 
much  improved  that  those  people  whose  land  was  outside  the 
levees  would  possibly  find  themselves  better  off  than  those  who 
had  been  inside  the  levees.  In  two  years  out  of  three  they 
could  get  first-class  crops  on  unprotected  land;  and  even  in 
bad  years  a  half  crop  if  they  wished. 

With  these  propositions,  I  shall  now  go  to  the  question  of 
what  the  ancients  would  have  done  if  they  found  themselves 
m  the  valley  today.  The  first  thing  I  think  they  would  have 
done,  judging  from  what  I  have  seen  in  Mesopotamia,  they 
would  have  protected  the  salient  bends.  They  would  have  taken 
care  that  there  was  no  more  eating  away  of  levees.  There  is 
no  use  putting  up  a  very  expensive  levee  here  and  there  and 
letting  the  river  eat  it  away.  Little  progress  can  be  made  in 
this  way.  You  are  always  spending  your  money  in  repairing. 
And  this  point  is  very  well  insisted  on  by  the  government  en¬ 
gineers  and  they  carry  it  out  to  the  limit  of  the  growth  of 
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the  stuff  of  which  the  mattresses  are  made.  But  more  than 
that  might  be  done  now  with  reinforced  concrete  at  your  hand. 
The  stuff  of  which  they  make  mattresses  can  only  grow  at  a 
certain  rate  but  this  reinforced  concrete  can  be  made  anywhere 
and  you  could  keep  ahead  of  the  damage  that  is  going  on  in  the 
valley.  The  conditions  on  the  lower  Mississippi  today  are  very 
serious,  and  delay  may  produce  a  flood  which  may  be  not  unlike 

Noah’s  flood,  some  day. 

All  cut  offs  would  have  been  allowed  by  the  ancient  en¬ 
gineers.  according  to  all  their  works  which  I  ha^v  e  seen.  The} 
would  never  have  spent  great  sums  of  money  to  prevent  the 
river  from  cutting  away  inside  the  channel,  because  it  only 
takes  away  money  and  labor  frpm  attending  to  the  main  obji  <  t 
of  keeping  the  two  main  levees  protected.  All  money  spent 
inside  to  keep  these  bends  from  cutting  across  is  money  thrown 
away.  There  is  nervousness  about  this  cutting,  which  is  not 
warranted  by  anything  I  have  seen.  I  remember  on  the  Karun 
River  in  Persia  years  ago,  the  river  took  an  eight  mile  curve 
and  came  back  again  to  the  same  point,  and  you  could  sc  (  it 
four  feet  higher  on  one  side  than  on  the  other.  They  said 
whenever  that  is  cut  through  navigation  will  be  upset  foi  a  l°ng 
time.  It  cut  one  day  and  within  a  week  the  river  was  flowing 
in  its  new  channel  and  it  was  difficult  to  see  how  it  had  run 
around  the  eight  miles  because  it  seemed  to  be  so  happy  in  this 
new  channel,  just  as  if  it  had  been  there  from  eternity. 

The  next  thing  they  would  do,  I  think,  would  be  to  calcu¬ 
late  what  the  height  of  a  2  000  000  cu.  ft.  per  second  flood  with 
10  percent  added,  or  2  200  000  cu.  ft.  per  second,  would  be  in 
the  valley  and  put  up  profiles  from  Cairo  down  to  New  Orleans 
and  let  everybody  see  what  it  meant  to  have  water  like  that 
clear  down  the  valley.  ^  ou  have  had  floods  but  you  do  not 
yet  know  what  it  means  to  have  a  very  high  flood  without  a 
breach.  This  country  it  seems  to  me  has  so  many  problems 
and  big  things  before  it  that  questions  on  the  lower  Mississippi, 
however  serious  they  may  be,  are  allowed  to  drift,  and  yet  they 
reflect  on  your  country  and  makes  it  appear  just  like  China,  or 
one  of  those  derelict  countries  like  Mesopotamia. 

The  next  point.  Even  now  though  the  levees  are  too  long 
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and  everybody  knows  it,  the  engineers  and  the  government 
!  °  not  Prevent  the  Yazoo  and  other  basins  from  extending  their 
levees  farther  south,  or  the  St.  Francis  basin  from  extending 

1  s  6Vee  an<1  makm8  the  difficulties  greater  than  they  are  at 
present  for  those  people  still  farther  down  the  river  I  have 

been  a  government  official  for  24  years  under  strong  central 
governments,  and  they  say  to  any  one  “Lengthen  that  levee 
even  one  inch  and  we  will  not  protect  a  single  inch  of  it  ”  No 
more  was  necessary.  No  one  would  dare  for  a  minute  to  do 

mg  a5amst  tlle  w'dl  of  the  government  which  had  all  the 
money  m  its  hands  and  to  whom  everybody  appeals  for  help. 

Allowing  six  feet  above  the  bank  as  not  a  dangerous  height 
calcula.e  that  we  need  reservoirs  on  the  Mississippi  whicli 
represent  34  000  000  acre  feet,  that  is  34  000  000  acres  one  foot 
in  depth  or  1  000  000  acres  34  ft.  in  depth,  or  something  be¬ 
tween  them.  To  meet  this  we  have  the  left  hand  small  basins 

fi  oio  nnn  °thers  °pen  at  their  ends  where  we  have 

b  000  000  acre  feet,  so  we  need  28  000  000  acre  feet  to  be  pro 

v.ded  by  reservoirs.  Reservoirs  up  in  the  mountains  and  in 

the  clouds  I  don’t  think  would  affect  the  Mississippi.  They 

would  be  so  late  or  so  mismanaged  that  their  influence  would 

never  reach  the  place  in  the  nick  of  time.  I  am  reminded  of  one 

of  the  sayings  of  Moses  to  the  children  of  Israel  when  I  hear 

people  saying  that  if  you  will  only  put  forests  on  the  hills  and 

put  reservoirs  up  at  the  heads  of  the  Mississippi  River,  von  will 

set  le  the  question.  This  question  came  up  in  Moses’  time,  and 

he  said  Seek  not  for  salvation  at  the  tops  of  the  hills,  look 

not  for  it  at  the  ends  of  the  valleys,  for  thy  salvation  is  nigh 

lee,  at  thy  very  doors.  We  have  got  the  St.  Francis  basin 

fai  cheaper  than  any  reservoir  and  one  of  the  cheapest  in  the 

world  of  which  three-quarters  would  suffice  for  our  needs 

J6t  them  Proteet  the  upper  quarter  with  levees  and  let  three- 
quarters  of  the  basin  be  allowed  to  be  put  under  water  and  it 
w  ou  d  protect  the  Mississippi  River  for  twentv  or  thirtv  vears 
until  the  river  had  widened  its  channel.  In  the  meantime  with 
transverse  dikes  from  the  river  to  the  hills,  well  adjusted  and 
employed  like  the  ancient  Egyptians  did  theirs,  you  could  let 
ie  nmddv  waters  of  the  Mississippi  flow  over  this  basin  so  that 
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the  lands  would  he  greatly  improved,  and  when  the  time  came 
for  the  owners  to  enter  into  possession  they  would  he  much 
richer  than  they  are  today.  If  you  go  across  this  hasin  down 
a  range  of  forty  miles,  you  see  only  a  few  wooden  shanties  and 
a  little  clearing  and  cultivation,  and  everything  else  primeval 
forest.  To  protect  this  primeval  forest  and  put  the  whole  river 
for  hundreds  of  miles  into  extraordinary  difficulty  is  loolish. 
If  the  people  don't  like  it  the  central  government  could  buy 
this  land.  If  you  make  reservoirs  in  the  hills,  you  will  have 
to  buy  the  land  which  is  to  he  covered  and  you  will  put  that 
out  of  cultivation  forever;  while  using  this  hasin,  far  from 
putting  it  out  of  cultivation  forever,  you  would  after  twenty  or 
thirty  years  make  it  many  times  as  rich  as  it  is  today,  and  i  t 
the  central  government  purchased  it,  they  could  afterwards  sell 
it  at  a  handsome  profit. 

Nature  has  succeeded  very  well  in  all  her  efforts  because 
she  has  a  law.  It  has  been  well  expressed  in  the  lines  “‘So 
careless  of  the  single  life,  so  careful  of  the  type  .  In  the 
Mississippi  valley  you  see  that  everywhere  the  action  of  this 
country  has  been  “So  careful  of  the  single  life,  so  careless  of 
the  type”,  and  unless  a  return  is  made  to  Nature’s  wise  law 
no  permanent  improvement  can  be  assured. 

I  have  already  spoken  of  forests  so  I  need  to  say  little  here. 
There  are  a  few  people  who  have  planted  oaks,  chestnuts,  and 
other  fruit  bearing  trees  on  a  few  acres  of  land  that  belongs  to 
them  and  have  made  money.  This  is  far  from  saying  that  every 
single  man  who  has  a  square  mile  of  hillside  in  the  country  will 
go  at  once  and  plant  trees.  Ninety-nine  out  of  100  people  are 
lazy  and  they  are  not  going  to  plant  the  hillsides  with  trees. 
So  Uncle  Sam,  the  kindest  hearted  man  that  ever  was  known, 
is  called  on  to  plant  the  forests.  Those  forests,  scores  or  hun¬ 
dreds  of  years  hence,  will  help  the  stream  in  low  supply  and 
ordinary  floods  but  they  will  have  no  effect  upon  it  in  the 
heaviest  floods,  and  these  are  the  floods  we  are  concerned  with. 

If  you  build  reservoirs  up  in  the  hills  or  build  a  dam 
across  the  valley,  you  must  first  have  expensive  openings  in  it 
so  that  the  waters  may  traverse  it  in  order  that  it  may  be  empty 
when  it  is  needed.  If  it  is  full  of  water  when  the  rain  comes 
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it  will  be  useless.  So  that  these  reservoirs  that  are  provided 
for  flood  protection  cannot  be  used  for  supplying  power  or 
helping  navigation. 

And  moreover  what  is  the  use  of  protecting  19  000  000 
acres  in  the  Mississippi  valley  with  levees,  when  only  some 
4  000  000  are  cultivated  and  the  rest  is  primeval  forest  and 
there  is  neither  population  nor  money  to  reclaim  it. 

The  people  of  the  Mississippi  valley  for  many  and  many  a 
year  have  been  rightly  nervous  and  advantage  is  being  taken 
of  this  nervousness,  for  every  one  with  a  panacea  to  go  shouting 
that  something  must  be  done  at  once.  Now  there  is  a  very  well 
known  saying  of  Lord  Palmerston's:  “Where  you  hear  a  num¬ 
ber  of  people  saying  that  something  must  be  done,  something 
must  be  done  at  once,  you  may  be  quite  sure  something  very 
foolish  will  be  done''. 

I  have  spoken  of  the  Mississippi.  I  now  come  to  Pittsburgh. 
We  have  here  the  same  problem  as  on  the  Mississippi  but  in  a 
smaller  way.  The  only  difference  is  that  on  the  Mississippi  the 
man  on  the  right  bank  worries  because  the  man  on  the  left  bank 
puts  up  a  levee.  Here  you  have  the  satisfaction  of  knowing 
that  you  have  created  your  own  difficulties.  You  have  two 
rivers,  the  Allegheny  and  Monongahela,  with  only  20  000  square 
miles  drainage  basin,  which  really  is  not  a  big  thing.  It  is  the 
first  small  thing  I  have  seen  in  America.  Your  rivers  are  quite 
ordinary  rivers,  but  they  have  for  short  intervals  of  time  most 
extraordinary  floods.  The  maximum  floods  they  carry  are  just 
about  what  the  Tigris  and  Euphrates  carry  when  they  meet. 
Those  rivers  have  it  for  months  and  you  have  it  only  for  a  few 
hours.  But  a  few  hours  of  water  flowing  through  your  house 

is  almost  as  big  a  worry  as  having  it  for  a  week. 

These  two  rivers  as  they  come  down  do  not  have  big  reser¬ 
voirs  as  the  Mississippi  has  lower  down,  but  they  had  very  fine 
reservoirs  at  one  time.  First  of  all  there  were  the  overflows 
in  the  valleys  themselves.  Then  going  back  in  every  direction 
were  the  side  valleys,  wide  in  places  and  narrow  in  others. 
With  a  river  that  comes  ,  down  in  high  flood  for  months  they 
would  have  been  of  no  use,  but  with  a  river  that  comes  down 
only  for  a  few  hours  or  days,  the  valleys  gave  ample  elbow  room, 
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and  by  the  time  the  flood  got  down  to  the  Ohio  River,  all  its 
force  had  been  spent  in  filling  up  these  side  openings  and  be¬ 
fore  it  had  time  to  fill  them  all  full  the  storm  had  ceased  and 
the  flood  had  passed. 

Now  what  have  you  done  in  these  years  ?  ^  ou  ha\e  de¬ 

prived  the  river  of  all  elbow  room.  I  saw  a  bridge  where  the 
river  was  1300  ft.  wide  and  today  it  is  only  6->0  ft.  Neail\ 
half  the  river  has  been  filled  up  with  factories,  with  railroads, 
and  with  every  kind  of  industrial  institution.  Then  you  have 
erected  numerous  bridges  not  with  piers  one  in  front  of  the 
other,  but  all  irritating  the  river  and  holding  up  the  water  in 
every  way  they  can.  Now  when  the  river  comes,  instead  of  hav¬ 
ing  elbow  room  as  is  had  in  the  old  days,  it  finds  itself  con¬ 
tracted  within  two  solid  walls.  And  if  you  calculate  the  height 
it  has  come  up  above  the  old  floods,  you  will  find  it  has  made 
up  in  height  for  the  area  you  yourselves  have  taken  away  from 
it  on  both  sides. 

I  have  heard  it  said  that  railroads  and  factories  join  in  these 
petitions  to  Uncle  Sam  to  help  them  out  of  their  difficulties 
with  reservoirs.  The  only  thing  I  have  been  able  to  compare 
it  to  was  a  case  that  happened  in  Europe  some  years  ago.  A 
boy  of  nineteen  murdered  his  father  and  mother  and  when  he 
was  up  for  sentence  the  judge  asked  him  if  he  could  mention 
any  extenuating  circumstances,  he  said,  “I  appeal  as  a  poor 
orphan”.  These  people  are  very  different  from  those  poor 
people  who  live  in  houses  that  used  to  be  above  the  flood  and 
now  find  the  water  flowing  through  their  drawing  rooms  when 
they  least  expect  it. 

As  far  as  I  can  see,  you  have  no  more  difficult  problem  here 
than  the  city  of  Rome  had  where  in  the  course  of  years  the  Tiber 
had  risen  10  ft.  above  the  Aventine  quarter.  They  spout  many 
millions  of  money  but  they  bought  all  the  houses  on  one  side  ot 
the  river  and  widened  the  channel  about  a  third  wider  than  it 
was,  built  two  walls  and  raised  the  banks  and  now  the  whole 
town  is  protected.  It  cost  a  great  deal  of  money  but  they  had 
no  one  to  appeal  to  but  themselves  to  do  it  and  they  did  it.  In 
Pittsburgh  too  a  wall  has  been  proposed.  I  speak  under  cor¬ 
rection,  but  when  I  see  the  shingle  and  stuff  on  which  you  are 
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founded  I  think  a  wall  would  not  prevent  water  from  coming 
up  from  underneath;  but  it  would  be  easy  to  raise  the  streets 
on  both  sides  of  the  river  and  then  when  the  flood  came  it 
should  not  get  across  it  and  whatever  water  seeped  through  into 
cellars  might  be  pumped  out  over  the  banks.  Whether  reser¬ 
voirs  are  made  or  whether  they  are  not  made,  I  think  this  street 
raising  ought  to  be  made  on  both  sides  straight  away  like 
Rome.  If  you  do  make  reservoirs  and  you  have  a  basin  of 
20  000  square  miles,  and  your  reservoirs  cut  off  the  water  of 
10  000  square  miles,  you  still  have  10  000  square  miles  this  side 
of  the  reservoirs,  and  if  you  have  a  heavy  downfall  of  rain  on 
that  it  might  bring  down  quite  enough  to  worry  you,  especially 
if  you  had  warm  rain  on  top  of  snow.  I  think  reservoirs  ought 
to  be  made  if  they  can  be  made,  but  whether  they  are  or  not 
the  streets  should  be  raised  by  earth,  and  if  every  foot  of  earth 
you  used  were  taken  from  the  river  you  would  improve  the  river 
to  that  extent. 

The  factories  and  railroads,  built  low  down  near  the  river, 
must  be  raised  on  their  own  base.  I  do  not  know  the  cost  of 
raising  them  or  whether  it  is  worth  while  to  do  it,  but  consider¬ 
ing  the  millions  of  dollars  they  lose  owing  to  the  floods,  it  should 
be  worth  doing.  No  reservoirs  in  the  world  could  lower  the 
water  sufficiently  to  keep  the  floods  out  of  them. 

For  navigation  as  I  see  it,  there  is  no  better  plan  than  you 
have,  with  your  weirs  and  locks,  but  you  have  an  acid  water 
which  eats  iron  in  an  extraordinary  way  and  any  kind  of  per¬ 
manent  weir  which  would  not  necessitate  these  iron  structures 
that  raise  it  temporarily  would  be  a  great  gain.  This  point  was 
brought  to  my  attention  by  Captain  Fiske.  He  said  “Why 
couldn’t  they  make  bars  across  the  river  in  places  so  as  to 
have  sufficient  length  to  have  no  movable  apparatus  in  it  and 
make  them  of  such  height  that  it  would  suit  low  water  and 
floods  would  pass  safely  over?”  This  is  certainly  the  cor¬ 
rect  way  for  this  kind  of  work,  and  I  had  the  advice  of  some 
of  the  best  men  in  India  when  I  proposed  it  for  the  Tigris. 
There  are  many  places  on  your  rivers  where  you  could  build 
permanant  weirs  of  a  height  to  suit  low  water  navigation  and 
the  high  water  would  flow  over  very  freely.  On  the  Nile  we 
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built  permanent  structures  nine  feet  above  bed  level  of  the 
stream,  which  hold  up  nine  feet  of  water  in  the  summer  time, 
and  when  the  floods  come  you  would  not  know  there  was  any¬ 
thing  in  the  river  at  all  because  when  the  river  rises  .‘10  ft.  a  9 
ft.  obstruction  does  not  count  for  anything. 

Still  in  an  important  city  like  Pittsburgh  in  addition  to 
whatever  you  do,  something  in  the  way  of  reservoirs  ought  to 
be  done  if  it  can  be  done.  In  a  recent  book  which  von  have 
written  on  this  reservoir  question  I  see  that  the  quantity  of 
,  •  c  1 1  ^  t  o  impound  in  these  reservoirs 

seems  to  be  in  excess  of  what  you  need,  hi  all  the  calculations 
it  has  been  assumed  that  when  the  river  rises,  its  discharge  in¬ 
creases  up  to  its  maximum  gauge.  As  a  matter  of  fact  it  does 
just  the  opposite.  When  it  is  rising  fast,  it  has  a  great  velocity 
and  a  great  discharge,  but  when  it  comes  to  within  seven  or 
eight  feet  of  the  top.  the  velocity  has  begun  to  decrease  and 
with  it  the  discharge.  On  the  Tigris,  which  jumps  up  and  down 
very  much  like  this,  when  the  river  gauge  is  15  ft.  rising,  the 
discharge  is  180  000  cu.  ft.  a  second.  When  it  has  risen  to  20 
ft.  and  reached  its  maximum  for  that  rise,  its  discharge  is 
120  000  and  when  it  has  come  down  on  the  other  side  to  15  ft. 
the  discharge  is  90  000  cu.  ft.  per  second.  As  in  all  these  esti¬ 
mates  you  have  allowed  for  an  increasing  discharge  and*  not 
reduced  by  half  for  the  falling  gauge,  a  much  smaller  (juantity 
of  water  than  you  have  assumed  would  I  think  suffice  to  shelter 

you  from  these  hours  of  high  flood  which  produce  all  the 
worry. 

The  difficulty  here  i  think  is  that  the  same  operation  which 
made  your  soil  very  rich  in  coal  has  made  it  very  bad  for 
ieser\oirs.  This  horizontal  sandstone  you  have  here  and  shale 
in  alternating  strata  is  considered  the  worst  foundation  for 
ieser\oiis  of  anything  in  the  world.  More  accidents  to  big 
reservoirs  have  happened  on  it  than  any  other.  If  the  strata 
are  inclined  at  a  steep  angle  and  you  build  your  dam  on  it,  it 
rests  on  the  hard  particles  and  the  weak  strata  are  more  or  less 
ignored.  But  if  you  have  horizontal  strata  and  you  hold  up 
water  with  a  150  ft.  head,  the  water  works  its  way  through  the 
shale  and  gradually  undermines  it;  because  horizontally  ft  can 
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do  it  very  easily,  and  when  it  reaches  a  certain  point  the  upper 
strata  settle  and  the  dam  collapses. 

In  your  hook  you  show  that  you  spent  money  on  many 
things  but  not  one  penny  to  find  out  what  your  foundations  are, 
and  all  the  rest  of  it  is  worth  nothing  until  you  are  sure  of  your 
foundation.  You  ought  to  spend  some  $10  000  for  drills  and 
take  two  of  the  nearest  sites  and  expose  the  foundation  and  see 
if  you  can  build  a  dam  there.  If  you  find  really  good  founda¬ 
tion,  your  difficulties  will  be  at  an  end.  There  are  many  sites 
in  Algeria  where  the  French  government  would  give  anything  to 
be  able  to  build  a  reservoir  on  soil  like  this.  In  despair  they 
did  build  one,  but  in  a  few  years  it  was  swept  away.  And  your 
condition  is  such  that  if  you  had  a  high  flood  and  a  reservoir 
with  150  ft.  head  on  the  hills  above  you  and  it  happened  to 
breach  and  came  on  the  top  of  the  flood,  all  the  disasters  you 
know  of  today  would  be  but  child’s  play.  And  if  you  had  two 
in  the  same  valley  and  the  upper  one  burst  and  came  down  on 
the  lower  one  and  the  two  came  together  you  might  open  the 
early  chapters  of  Genesis  and  begin  reading  about  Noah’s  flood 
to  comfort  you.  So  of  all  the  things  that  are  necessary  the 
first  is  to  be  sure.  Reservoirs  with  good  foundations  up  in 
the  clouds  are  no  use.  Even  if  you  could  open  and  shut  them 
it  would  be  too  slow  coming  on  its  way.  They  must  be  low 
down.  I  never  saw  such  bad  looking  stuff  for  reservoirs,  and  I 
found  that  no  one  had  bored  down  one  foot  to  see.  For  when 
you  have  bad  rock  it  is  often  necessary  to  go  down  50  or  100 
ft.  and  when  the  water  flows  through  the  dam  you  have  got  to 
make  an  apron  down  stream  100  yards  wide  in  order  to  pro¬ 
tect  the  rock  from  the  action  of  the  water.  You  have  two  ex¬ 
penses,  one  a  very  expensive  dam  and  the  other  a  very  ex¬ 
pensive  floor  down  stream  to  prevent  it  from  being  undermined. 
As  far  as  reservoirs  are  concerned,  if  you  had  granite  or  steeply 
inclined  crystallized  limestone  or  any  of  the  good  rocks  m  which 
reservoirs  are  built,  I  would  back  your  reservoir  project  against 
all  the  others..  If  ever  the  central  government  pays  for  the 
reservoirs,  it  would  be  your  certain  duty  in  this  town  if  a. 
reservoir  were  built  near  here,  to  see  that  the  foundation  weie 

o-ood.  Because  rivers  with  rock  suitable  for  foundation  have 
© 
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been  controlled,  it  does  not  necessarily  follow  that  you  can  do 
the  same  if  you  have  no  suitable  rock.  You  read  in  the  Acts  of 
the  Apostles  that  the  seven  sons  of  one  Sceva,  a  Jew,  saw  St. 
Paul  casting  out  a  devil,  so  they  thought  they  could,  but  the 
man  possessed  of  the  devil  leaped  upon  them  and  left  them 
wounded  and  half  dead.  You  see  their  faith  was  not  well 
founded. 

If  the  reservoirs  can  be  made,  or  if  they  cannot,  the  duty 
of  raising  the  streets  on  both  sides  sufficiently  high  to  protect 
the  lower  parts  of  the  town  is  incumbent  on  you. 

[Discussion  of  this  paper,  if  forwarded  to  the  office  of  the  So¬ 
ciety,  will  be  published  in  a  subsequent  issue  of  the  Proceedings. — 
Editor.] 


"THEORY  AND  PRACTICE  IN  WRIT¬ 
ING  BUILDING  LAWS” 


By  John  A.  Ferguson* 


This  subject,  the  time  and  the  place  are  peculiarly  appro¬ 
priate,  not  only  in  themselves,  hut  also  in  their  relation  to  each 

other.  . 

The  subject,  because  the  drafting  of  laws  regulating  the 

safety  of  building  construction  and  the  occupancy  of  buildings 
are  among  the  most  important  questions  before  the  people  today, 
particularly  as  nearly  every  city  and  state  in  the  union  lias  its 
commission  charged  with  the  duty  of  drafting  new  building 
laws  or  revising,  as  much  as  possible,  those  in  force. 

The  time,  because  there  is  a  Commission  for  the  Revision 
of  the  Building  Laws  of  the  State  of  Pennsylvania,  and  when 
the  work  of  this  Commission  has  been  finished  it  will  become 
necessary  for  the'  Commission  for  the  Revision  of  the  Building 
Laws  of  this  city  to  resume  the  work,  already  started  m  so 
capable  and  broadminded  a  manner.  If  the  general  public  and 
even  those  entrusted  with  the  passing  of  city  laws  could  have 
the  time  to  examine  the  records  of  the  Commission  which  has 
been  working  for  the  interests  of  the  City  of  Pittsburgh  for  the 
past  two  years,  they  would  find  that  much  more  has  been  done 
and  the  work  has  been  performed  in  a  much  more  creditable 
manner  than  would  appear  upon  the  surface.  That  which  has 
been  done  will  have  a  lasting  effect  on  both  city  and  state  and 
has  paved  the  way  for  future  work  by  formulating  the  correct 
principles.  Having  had  the  experiences  that  usually  go  with 
the  inception  of  a  great  work,  this  Commission  has  profited 
and  been  made  more  fit  to  do  further  work  thereby. 

The  place,  because  there  is  no  better  place  for  such  matters 

Presented  before  the  Structural  Section,  May  5,  1914. 

*Engineer,  Bureau  of  Building-  Inspection  City  of  Pittsburgh. 
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to  receive  intelligent  and  impartial  discussion  than  before  an 
organization  of  the  engineering  profession.  Engineers  are  just 
coining  to  realize  that  they  are  not  only  men  of  stresses  and 
strains  or  construction  records;  but,  being  peculiarly  equipped 
by  training  as  well  as  by  habits  of  thought,  they  not  only  have 
the  right  but,  since  they  possess  the  qualifications  distinctly 
fitting  them  for  careful  study  and  accurate  arrangement  of  ill¬ 
ation,  the>  are  under  an  obligation  to  the  public  to  investi¬ 
gate  many  of  these  questions  of  public  policy. 

Having  undertaken  the  problem  of  engineering  inspection 
of  the  safety  of  all  classes  of  structures  that  would  be  benefited 
by  such  inspection  and  having  passed  upon  all  such  construction 
within  the  limits  of  the  City  of  Pittsburgh  during  the  time  he 
has  been  in  the  Bureau  of  Building  Inspection,  the  writer  has 
become  somewhat  familiar  with  what  is  probably  the  typical  run 
of  structures  built  in  the  city,  as  well  as  having  had  an  oppor¬ 
tunity  to  study  the  various  kinds  of  hazard  and  their  relation 
to  the  interest  and  safety  of  the  public  and  the  individual  alike. 
He  has  had  time  to  realize  that  the  position  of  any  one  who 
undertakes  to  draw  up  or  enforce  a  set  of  laws  drafted  in  the 
inteiest  of  the  safety  of  the  public,  regulating  the  housing  of 
the  various  kinds  of  enterprises  that  are  conducted  in  a  great 
city  as  well  as  those  throughout  the  surrounding  country,  which 
contain  a  hazard  to  others  than  the  one  directly  concerned  with 
the  occupation  or  use  of  any  structure,  is  not  an  easy  one  to 
perform.  On  account  of  all  this,  the  writer  has  approached  the 
preparation  of  this  paper  with  some  hesitation  and  no  small 
respect  for  the  task  he  had  set  himself. 

REASONS  WIIY  BUILDING  LAWS  ARE  NECESSARY 

Time  was  when  man  had  so  far  progressed  beyond  the 
habits  and  needs  of  the  animals  that  he  was  able  to  come  down 
from  the  trees,  make  his  home  in  a  nearby  cave,  knock  down 
with  a  rude  club,  the  female  of  his  choice,  drag  her  thither  and 
rudely  provide  for  her  and  his  offspring  (and  by  the  way,  making 
her  do  all  the  work)  without  violating  the  health  laws  or  en¬ 
dangering  the  life  or  financial  interests  of  his  neighbor,  through 
the  instability  of  his  towering  edifiee  or  of  communicating  fire 
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risk  Tuberculosis  and  other  communicable  diseases  had  not 

tee.  heard  d  Neither  had  the  p»i«  .1  . 

at  public  entertainment,  or  work,  caused  loss  of  life  throug 

Jamming  the  aisles  of  the  primeval  forest  to  become  a  menace 

to  his  family.  .  .  , 

However,  as  he  progressed  in  the  scale  of  civilization,  he 

became  gregarious,  his  wants  become  more  J 

began  to  manufacture  utensils  for  his  service.  He  discovered 
how  to  use  and  produce  fire  (right  away  all  the  fields  of  ac^ 
complishment,  as  we  know  it,  were  opened  to  his  search  and  1  his 
troubles  began),  and  to  construct  a  rude  thatch  of  poles  thus 
freeing  himself  of  the  need  of  a  naturally  warm  climate  or  the 
neighborhood  of  a  cave  in  the  hillside. 

It  is  not  necessary  to  follow  all  the  way  through  the  de- 
velopment  of  the  structures  which  man  has  employe  to  ouse 
himself  and  protect  the  product  of  his  art  from  the  mclemeney 
of  weather  in  order  to  realize  the  tremendous  interest  the  indi¬ 
vidual  has  in  the  community  life,  nor  is  it  necessary  to  specially 
describe  the  interdependency  for  safety  of  li  e,  im  an 
proprety,  existing  today  between  the  individual  and  the  com- 

munity. 

In  view  of  these  existing  relations,  the  ‘  ‘  community  ,  whic 
was  formed  earlier  in  the  progress  of  civilization  as  a  protection 
against  a  common  enemy  from  without  (usually  thieving  or 
killing  raids  of  man  or  beast)  has  changed  about  and  is  now 
banded  together  for  the  protection  of  the  community  and  1  s 
members  from  the  common  enemy  within,  and  this  last  condition 
is  mainly  due  to  the  selfishness  of  the  individual  when  he  feels 
his  own  interest  is  different  from  that  of  others.  It  is  here  that 
the  general  interest  of  the  community  must  step  m  and  demand 
of  the  indivudual  what  he  demands  of  the  community,  viz, 
safety  of  person  and  property. 

This  individuality  of  interest  may  chiefly  concern:  First, 
those  things  called  monetary,  in  the  world  of  finance;  second, 
industrial,  in  the  world  of  labor  whether  physical  or  mental; 
third,  domestic,  in  the  world’s  home  or  the  house  in  which  we 
work,  live  and  store  the  products  of  labor,  each  with  its  peculiar 
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menace  to  the  community  life.  Our  attention  will  be  drawn, 
especially  to  the  last  two  in  this  paper.  The  general  study  of 
“Safety  Considerations  in  Industrial  Engineering”  has  been 
very  ably  presented  in  a  paper  before  this  Society,  March  19th, 
and  published  in  the  April,  1912,  Proceedings,  by  David  S. 
Beyer.  It  will  only  become  necessary  to  refer  to  that  paper 
for  information  on  this  subject,  and  we  can  confine  our  attention 
to  the  last  item  and  its  peculiar  connection  with  the  first.  Es¬ 
pecial  reference  being  made  to  the  various  structures  and  their 
safety  considerations. 

THE  LEGAL  STATUS  OF  BUILDING  LAWS 

In  order  to  thoroughly  understand  the  constitutional  power 
back  of  building  laws  it  is  well  to  glance  at  the  general  plan  of 
our  government.  The  United  States  is  the  union  under  the 
constitution  of  the  several  states  for  common  preservation  and 
protection.  The  Union  and  its  government  having  the  right  only 
to  step  in  and  regulate  matters  in  which  the  several  states  are 
interested,  as  the  making  of  treaties,  declaring  war  and  the  inter¬ 
state  relations.  The  United  States  has  power  to  enact  only 
such  laws  as  are  directly  or  by  implication  given  to  it  by  the 
constitution. 

The  states  in  general  have  the  right  to  enact  all  such  laws 
as  are  not  specifically  prohibited  either  by  state  or  national  con¬ 
stitution.  However,  the  states  cannot  enact  so-called  “special 
legislation”  regulating  county,  village  or  township  affairs,  in¬ 
corporating  cities  or  villages,  or  changing  or  amending  the 
charter  of  any  town  or  village,  or  regulating  the  jurisdiction  of 
police  magistrates,  etc. 

The  state  can  consequently  enact  laws  of  a  uniform  char¬ 
acter  throughout  the  state,  but  must  delegate  to  the  munici¬ 
pality,  etc.,  the  right  to  enact  such  legislaion,  through  the  proper 
channels,  as  may  be  required  by  purely  local  conditions. 

Among  the  various  doctrines  as  to  the  right  to  enact  or 
execute  building  laws  is  the  police  power.  This  power  is  not 
defined  by  law  as  it  would  tend  to  lessen  its  effectiveness.  Owing 
to  this  lack  of  definition  the  legislature  and  those  executives 
that  are  entrusted  with  the  care  of  public  safety  can  exercise 
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some  broad  powers.  All  regulation  by  legislation  or  by  depart¬ 
mental  rule,  governing  the  public  health,  safety  and  morals  is 
based  upon  this  police  power.  It  is  about  the  broadest  power 
possessed  by  the  government. 

The  right  of  eminent  domain  is  said  to  cover  the  right  of 
the  state  to  enter  private  property  and  suppress  or  change  its 
use  where  obnoxious  to  the  public  health,  safety  or  morals.  If 
property  is  not  taken  in  this  case  there  can  be  no  claim  for 
compensation.  This  last  is  invoked  when  wrecking  a  structure 
to  prevent  the  spread  of  a  conflagration,  when  an  owner  xe- 
fuses  to  raze  a  dangerous  structure,  or  when  entering  a  property 
for  t lie  purpose  of  inspection. 

Whenever  a  series  of  acts  become  a  public  nuisance  the  ag¬ 
grieved  parties  have  the  legal  right  to  abate  it.  However,  the 
necessary  steps  must  be  taken  through  the  properly  constituted 
authorities. 

It  has  been  a  maxim  of  common  law  and  a  fundamental 
principle  with  respect  to  real  as  well  as  personal  property  ever 
since  the  days  of  the  Roman  law  that  a  person  has  the  right 
to  use  his  own  property  only  to  the  extent  that  he  does  not 
thereby  injure  that  of  his  neighbor.  Civilization  imposes  bur¬ 
dens.  However,  it  distributes  the  load.  Each  one  is  doing  his 
share  in  carrying  the  economic  loss  due  to  the  careless  habits 
of  others.  This  loss  is  distributed  to  each  through  the  ordinary 
channels  of  business  whether  we  realize  it  or  not.  It  will  be 
seen  that  the  public  lias  a  very  definite  and  real  right  to  take 
the  necessary  steps  to  prevent,  as  far  as  possible,  the  economic 
loss  as  well  as  the  loss  of  health,  life  and  morals  of  individuals. 
To  accomplish  this  it  is  necessary  to  carefully  regulate  fire  pre¬ 
vention  and  protection,  to  see  that  sufficient  exits  are  provided 
to  prevent  loss  of  life  in  panic,  to  provide  against  overcrowding 
in  tenements,  sweatshops  or  places  of  public  assembly,  to  con¬ 
serve  the  public  health  and  morals,  and  to  so  regulate  the  busi¬ 
ness  relations  of  individuals  as  to  conserve  equal  rights  and 
justice  to  all  in  the  making  and  enforcing  of  laws  regulating 
the  construction  and  occupation  of  buildings. 

Since  the  state  legislature  cannot  pass  special  legislation  to 
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make  state  laws  different  in  one  section  from  those  of  another, 
all  legislation  passed  should  be  such  that  it  will  be  proper  to 
.  enforce  it  anywhere  in  the  state,  leaving  to  the  local  governments 
the  right  to  add  the  laws  required  to  provide  for  the  purely 
local  conditions.1  In  order  to  conform  with  this,  the  local  g  >v- 
ernment  should  have  the  power  to  organize  its  own  enforcing 
body,  the  cost  of  which  should  then  be  chargeable  to  the  city  or 
town  and  the  personnel  be  appointed  from  those  in  the  locality 
and  familiar  with  its  peculiar  needs.  Xo  part  of  such  cost 
should  be  placed  on  the  state  to  be  distributed  over  {lie  terri¬ 
tory  less  able  to  pay  for  it,  and  not  benefiting  therefrom.  Every 
person  in  such  an  organization  should  be  answerable  to  the 
body  which  has  the  appointing  power  for  the  proper  conduct  of 
their  work.  Reports  of  as  general  or  detailed  a  character  as 
desirable  should  be  made  to  the  state. 

An  additional  reason  for  such  arrangement  can  now  be 
brought  forward.  It  is  based  upon  the  fact  that  any  body 
organized  for  the  purpose  of  transacting  business  will  com¬ 
pletely  fail  to  achieve  its  proper  effectiveness  if  that  body  is 
extended  too  far  and  becomes  unwieldy  or  over-organized,  or 

v  O  7 

if  its  personnel  is  chosen  from  among  those  whose  interest  is 
foreign  to  the  work  which  is  to  be  performed.  This  would  be¬ 
come  especially  true  in  the  case  of  localities  where  a  large  amount 


of  building  work  is  done. 

Thus  it  is  easily  seen  that,  for  proper  effectiveness,  any 
locality  large  enough  to  afford  its  own  police  officers  should 
choose  them  from  among  its  own  members  and  provide  for  their 
discipline  free  from  any  but  the  most  general  supervision  by 
the  state.  Personal  supervision,  such  as  giving  state  officers  the 
right  to  remove  a  city  officer  without  formality  of  preferring 
civil  service  charges  could  result  in  wholly  demoralizing  in¬ 
fluences.  Since  this  is  not  the  case  with  the  purely  police  officers 
it  should  be  apparent  to  even  the  layman  that  the  case  of  those 
charged  with  the  enforcement  of  building  laws  is  exactly  the 
same  as  any  police  officer. 


'In  other  words  the  state  law  should  be  broad,  covering  general  condi¬ 
tions  throughout  the  state,  and  sufficiently  specific  to  take  care  of  require¬ 
ments  other  than  those  of  cities,  which  are  necessarily  more  severe  due 
to  increased  hazard  occasioned  by  density  of  population. 
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GENERAL  REQUIREMENTS 

On  this  point  there  will  be  found  the  greatest  difference  of 
opinion  imaginable.  The  writer  has  heard  as  man)  different 
opinions  expressed  on  the  proper  way  to  attack  this  part  of  the 
problem  as  there  have  been  persons  expressing  them.  So  if  in 
tonight ’s  discussion  many  points  are  raised  on  this  portion  of  the 
paper  do  not  lay  it  altogether  to  the  incorrectness  of  its  con¬ 
tents. 

As  a  result  of  the  great  diversity  of  opinion  about  what 
should  and  what  should  not  be  incorporated  in  building  laws 
(and  this  diversity  seems  to  be  the  result  of  the  fact  that  there 
is  so  little  widespread,  exact  knowledge  of  the  subject)  it  is  well 
to  outline,  at  the  beginning,  the  kind  of  men  who  should  be 
chosen  to  do  this  work  and  the  attitude  of  mind  with  which  they 
should  approach  the  work  set  before  them.  In  the  first  place, 
it  should  be  plainly  understood  that  only  those  who  are  known 
by  general  reputation  to  be  the  best  technicians  in  their  various 
lines  as  well  as  the  broadest  minded  in  the  community,  should 
be  invited  to  assist  in  so  exacting  a  piece  of  work.  Then  they 
should  approach  their  task  as  if  every  policy,  every  general  re¬ 
quirement  or  detail  were  to  be  arranged  from  an  entirely  new 
field,  and  must  be  studied  out  with  a  broad  view  of  the  needs 
of  the  public  rather  than  the  especial  hobbies  of  any  individual, 
keeping  hi  mind  always  that  the  law  is  only  to  conserve  to  the 
general  public,  life,  health  and  property  and  not  in  any  way 
to  so  restrain  the  individual  that  he  cannot  exercise  the  greatest 
amount  of  initiative  possible  in  the  conduct  of  his  business. 

Members  of  a  commission  for  the  revision  of  building  laws 
should  be  so  chosen  as  to  have  at  least  one  representative  for 
every  business  interest  which  would  be  largely  affected  by  the 
laws  it  is  proposed  to  formulate,  and  too  much  stress  cannot  be 
laid  upon  the  fact  that  only  the  best  and  broadest  minded  from 
each  interest  represented  should  be  chosen  as  members  of  such 
a  commission.  If  there  are  distinct  divisions  in  some  of  these 
interests,  then  the  commission  should  have  the  power  to  employ 
men  especially  versed  along  such  lines  to  report  upon  them,  and 
to  draft  provisional  matter  in  the  proper  form  for  the  com¬ 
mission  to  review  and  take  such  action  as  they  see  fit. 
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A  commission  should  have  power  to  procure  evidence,  to 
call  before  it  those  having  special  information  upon  any  subject 
and  to  employ  others,  having  experience,  to  advise  them  and 
even  to  provide  outlines  or  briefs  showing  what  should  be  in 
the  laws.  The  best  results  always  seem  to  have  come  from  fol¬ 
lowing  the  method  of  having  one  man  cover  the  ground  and 
others  to  carefully  check  him  up.  A  commission  should  have 
the  power  to  subpoena  witnesses,  and  those  especially  interested, 
to  testify  under  oath,  and  to  hear  the  cases  of  the  various  in¬ 
terests,  allowing  them  to  submit  proposed  drafts  of  the  various 
portions  of  the  building  law  affected  in  each  case. 

Examinations  of  the  various  methods  of  organization  and 
the  results  of  the  work  of  the  various  commissions  recently  ap¬ 
pointed,  has  shown  that  it  is  almost  always  advisable  to  invite 
various  local  technical  and  public  organizations  look  over  the 
proposed  laws  and  add  their  suggestions  and  to  cooperate  with 
the  commission  by  furnishing  sets  of  standard  practice  or  any 
information  of  which  they  are  in  possession.  Since  everyone 
knows  it  is  practically  impossible  for  anyone  to  place  his  work 
in  perfect  shape  it  is  well  to  allow  committees  from  technical 
societies  to  suggest  additions,  omissions  or  changes  that  should 
be  made  to  the  laws  after  they  are  in  the  proposed  form.  Having 
all  matters  threshed  out  in  this  manner  effectually  forestalls  the 
claim  that  partiality  had  been  used,  or  special  interests  in¬ 
fluenced  the  result,  and  the  desire  to  rush  to  the  halls  of  legis¬ 
lative  fame  to  find  relief  from  conditions  by  amendment.  This 
last  can  have  and  has  had  quite  a  vicious  result  at  times. 

Right  here  is  where  those  in  responsible  charge  in  the  build¬ 
ing  inspector’s  end  of  the  work  can,  by  using  the  proper  amount 
of  backbone,  forestall  to  a  great  extent,  many  such  things  by 
opposing  all  vicious  changes  with  vigor.  It  would  be  possible  to 
gain  much  strength  along  this  line,  by  providing  a  permanent 
Board  of  Appeal,  selected  by  appointment  from  among  repre¬ 
sentative  men  of  the  broadest  ability  in  the  community,  and 
requiring  all  such  matters  to  pass  through  their  hands  before 
the  law-making  body  would  be  called  upon  to  act.  If  the  build¬ 
ing  inspector  had  then  the  power  to  make  rulings  which  would 
not  become  operative  until  endorsed  by  the  Board  of  Appeals, 
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on  all  those  matters  so  difficult  to  cover  in  the  body  of  a  building 
law  but  which  are  bound  to  come  up,  many  matters  now  settled 
by  the  building  inspector  would  either  be  proven  incorrect  and 
the  decision  changed,  or  held  to  be  correct  and  enforced.  Such 
a  Board  of  Appeal  would  then  be  a  kind  of  permanent  com¬ 
mission  for  the  revision  of  building  laws,  it  should  also  act  in 
the  usual  manner  to  decide  questions  when  the  interested  par¬ 
ties  feel  that  the  Building  Inspector  has  not  arrived  at  the 
correct  decision.  As  is  usual,  where  professional  services  are 
performed  the  members  of  this  board  should  be  paid  for  their 
time  according  to  the  work  they  do. 


As  it  will  now  be  seen,  those  who  are  invited  to  perform  the 
work  of  writing  building  laws  are  not  taking  the  place  of  the 
law-makers.  Such  matters  are  not  laws  until  they  have  passed 
the  legislative  body,  either  municipal  or  state,  as  provided  by 
statute,  the  status  of  a  commission  being  that  of  the  professional 
man  engaged  to  perform  work  which  the  layman  legislator  finds 
himself  poorly  prepared  to  do.  In  view  of  the  vast  amount  of 
work  to  be  done  in  all  cases  and  the  fact  that  those  who  are 
fitted  to  do  the  work  have  prepared  themselves  at  great  expense 
of  both  money  and  time  in  order  to  sell  their  services  and  special 
knowledge,  and  are  always  under  the  necessity  of  earning  a 
living,  it  is  not  right  for  the  public  to  demand  their  time  with¬ 
out  fair  return  commensurate  with  the  service  performed.  The 
lot  of  the  member  of  such  a  commission  is  a  strenuous  and 
thankless  one  and  the  general  public  never  fully  appreciates  the 
immense  amount  of  work  that  has  been  done.  If  the  matter  of 
a  proper  compensation  for  doing  this  work  were  more  carefully 
looked  into  it  certainly  would  be  found  to  have  a  tendency  to 
remove  the  complaint  about  delay  by  removing  the  temptation 
to  delay.  Compensation  in  the  form  of  a  lump  sum  would  be 
found  to  have  a  beneficial  effect.  Members  of  a  commission 
should  be  chosen  from  among  those  leading  the  technical  and 
other  societies.  The  following  professions  and  vocations  should 
be  represented : 
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Architects . 

Structural  Engineer 
Sanitary  Engineer  . 
General  Contractor  . 
Real  Estate  Interests 
Physician  . . 
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Lawyer . 
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It  being  understood  that  the  chairman  of  any  body  of  men 
is  the  one  upon  whom  the  bulk  of  the  work  is  thrown,  the  chair¬ 
man  should  be  chosen  from  one  of  the  two  professions  more 
deeply  interested,  yiz.  Engineering  or  Architecture.  The  chair¬ 
man  of  any  committee  should  be  the  man  representing  tin* 
specialty  covered  by  the  work  of  that  committee.  The  physician 
should  be  chosen  from  among  those  most  active  in  welfare  work. 
The  general  qualifications  that  should  be  possessed  by  the  per¬ 
sonnel  of  a  commission  have  been  explained  earlier  in  this 
paper  but  one  added  comment  will  not  be  out  of  place  here,  and 
no  better  statement  of  the  actual  conditions  can  be  made  than 
by  quoting  from  a  letter  written  by  Mr.  C.  H.  Blackall,  archi¬ 
tect,  of  Boston  and  a  member  of  the  Building  Law  Commission 
for  that  city,  to  Mr.  Edward  Stotz,  chairman  of  our  own  Com¬ 
mission,  dated  May  1,  1911,  as  follows:  “As  a  result  of  mv 
experience,  I  feel  quite  convinced  that  the  only  way  to  prepare 
an  adequate  building  law  is  to  place  it  entirely  in  the  hands 
of  technical  experts  including  one  liberal  minded  and’  clear 
headed  lawyer  who  can  give  it  the  necessary  legal  term.  It  is 
simply  hopeless  if  laymen,  as  such,  are  to  take  a  hand  in  its 
shaping.” 

The  workings  of  such  a  commission  will  be  more  efficient  if 
there  is  as  little  red  tape  as  possible  carried  into  its  pro¬ 
ceedings.  The  body  of  men  performing  the  work  should  be 
small,  but  composed  of  men  possessing  sufficient  mental  caliber 
to  perform  the  vork  in  a  big  hearted,  broad  minded  manner. 
That  a  body  of  laymen  attempting  to  draft  building  laws  after 
listening  to  the  testimony  of  technical  men  is  bound  to  product* 
a  very  unsatisfactory  result  will  be  found  to  be  true  and  has 
been  found  thus  in  one  notable  case,  that  of  the  “Commission 
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of  Chicago”,  a  councilmanic  committee.  It  was  necessary,  after 
the  committe  had  gone  over  the  work  twice,  to  then  refer  mat¬ 
ters  to  a  body  of  technical  men  who  finally  did  the  work.  A 
short  quotation  from  a  letter  written  by  Messrs.  Pond  and 
Pond,  architects,  of  Chicago,  who  worked  on  the  final  draft  of 
this  ordinance,  to  Mr.  Edward  Stotz,  dated  May  3,  1911,  is  as 
follows:  “A  small  committee  with  public  hearings  and  discus¬ 
sions  is  in  a  better  position  to  do  an  intelligent,  coherent  and 
thoroughly  co-ordinated  piece  of  work  than  a  large  committee 
and  with  less  expense  to  the  people  who  actually  do  the  work.” 

Since  all  who  worked  on  this  law  donated  their  services,  the 
cost  of  doing  the  work  was  nominal.  Incidentals  alone  were 
chargeable  to  the  account.  Listen  to  Mr.  Pond’s  own  idea  ex¬ 
pressed  afterwards:  “The  method  was  wrong,  the  experts  should 

have  been  paid  for  their  work.” 

The  Commission  which  wrote  a  new  building  law  for  Massa¬ 
chusetts  was  paid  for  its  work,  the  chairman  receiving  $2000 
and  the  other  members  $1000  each.  The  total  expense  was 
$14  000.  Information  as  to  the  professions  represented  on  this 
body  did  not  come  to  hand.  I  should  judge  that  there  were  no 
engineers,  as  such,  in  the  Commission,  as  there  is  not  a  very 
extended  description  of  the  construction  requirements.  In  the 
judgment  of  the  writer,  no  building  law  is  complete  without 
this,  or  even  as  effective  as  it  should  be.  Good  construction  will 
go  far  toward  eliminating  many  of  the  evils  of  the  other  con¬ 
ditions. 

The  Commission  which  is  now  engaged  in  writing  a  new 
state  building  law  for  Ohio,  as  described  to  the  writer  by  Mr. 
Fred.  W.  Elliott,  consulting  architect,  of  Columbus,  Ohio,  is 
composed  of  the  State  Factory  Inspector,  State  Fire  Marshall, 
and  the  Secretary  of  the  State  Board  of  Health,  none  of  whom 
receive  any  compensation  as  members  of  the  Commission.  The 
Commission  employs  a  consulting  architect  and  a  stenographer 
and  maintains  an  office. 

Co-operation  was  invited  and  secured  through  the  assistance 
of  the  various  business  and  professional  organizations  of  the 
state.  A  committee  of  seven  was  chosen  a  year  ago  to  represent 
all  of  these.  The  Commission  and  Committee  are  working  har- 
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moniously  together,  differences  are  being  amicably  settled  and 
results  accomplished  and  the  result  will  be  a  “Code",  the  cost 
to  date  has  been  $11  473  and  four  parts  of  the  law  have  been 
completed,  viz:  “Theatres,  Assembly  Halls,  Standard  Devices, 
and  Sanitation.  In  consequence,  Ohio  bids  fair  to  have  a 
“Code.” 

A  tentative  draft  of  the  administrative  section  for  the 
Ohio  “Code”  provides  for  a  permanent  Board  of  Appeal  to 
decide  all  questions  of  interpretation,  application  and  enforce¬ 
ment  of  the  “Code”  and  to  decide  when  a  different  fixture  or 
device,  etc.,  complies  with  the  purpose  and  intent  of  the  “Code” 
and  to  prepare  amandments  from  time  to  time  as  may  become 
necessary.  In  addition  to  this,  the  writer  would  like  to  add  to 
the  above  that  such  Board  should  be  made  a  body  capable  of 
approving  all  Bureau  rulings.  Such  rulings  to  cover  the  thous¬ 
and  and  one  details  coming  up  from  day  to  day  in  the  admini¬ 
strative  work  of  the  building  inspector  and  should  never  go 
into  the  drafting  of  the  law  as  conditions  are  constantly  chang¬ 
ing.  In  this  way  the  building  law  would  have  the  proper  leeway 
and  flexibility  to  change  with  the  times  so  as  not  to  actually 
hinder  progress  in  building  construction  as  some  clauses  in  our 
own  act  have  a  tendency  to  do  at  the  present  time.  And  a 
further  result  would  be  a  proper  check  on  the  work  of  the  build¬ 
ing  inspector  to  prevent  mistakes  and  to  uphold  him  where  his 
experience  teaches  that  he  must  or  must  not  yield  to  the  plead¬ 
ings  of  individuals  working  for  their  own  selfish  interests. 

It  will  not  be  necessary  to  review  in  all  its  detail  the  work 
of  revising  the  building  law  of  the  City  of  New  York.  How 
they  labored  for  years,  and  how  the  financial  interests  of  build¬ 
ing  supply  concerns  were  often  considered,  to  the  detriment  of 
the  owner  of  a  proposed  building.  How  it  was  charged  that 
material  supply  interests  fought  for  advantages,  some  winning, 
some  losing;  some  demanding  unfair,  costly  and  needless  speci¬ 
fications,  and  how  some  of  those  who  desired  fair  and  honorable 
regulation  of  their  work  were  not  considered.  The  work  has 
been  undergoing  continual  revision  and  amendment  ever  since. 
The  total  cost  of  this  work  being  $350  000.  Listen  to  the  com¬ 
ment  of  one  who  knew  about  it  at  the  time:  “Our  $350  000  was 
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spent  in  attempt  to  revise  the  New  York  Building  Code  un¬ 
successfully”,  as  made  by  Mr.  Grosvenor  Atterbury  to  Mr. 
Edward  Stotz,  April  3,  1911. 

The  City  of  Cleveland  is  at  the  present  time,  revising  a 
building  code  passed  some  time  ago.  The  Building  Inspector, 
Mr.  Allen,  is  doing  the  work,  which  is  then  reviewed  by  a  com¬ 
mittee  of  experts  selected  from  the  various  local  societies.  Re¬ 
sults  are  not  complete,  but  it  promises  to  be  a  creditable  piece 

or  work.  The  cost  will  be  nominal. 

It  will  be  seen  that  the  cost  of  doing  the  work  is  not  a 
criterion  of  its  excellence.  Excellence  depends  upon  the  per¬ 
sonnel  of  the  workers.  The  writer  cannot  see  any  more  con¬ 
vincing  arguments  for  careful  selection  of  men  with  good  judg¬ 
ment  and  technical  training  than  the  facts  just  enumerated. 

In  our  own  City  and  State  there  are  commissions  which  have 
been  doing  good  work.  The  appointment  of  a  Commission  for 
the  Revision  of  the  Building  Laws  of  Pittsburgh  had  been 
agitated  for  many  years  before  it  finally  became  a  fact,  and 
composed  of  men,  most  of  whom  were  the  best  representatives  of 
their  respective  callings. 

In  the  summeer  of  1909  a  joint  conference  was  called  by 
the  Pittsburgh  Chapter  of  The  American  Institute  of  Architects 
and  representatives  of  the  Engineers’  Society  of  "Western  Penn¬ 
sylvania,  Chamber  of  Commerce,  Master  Builders  Association, 
Board  of  Fire  Underwriters  of  Allegheny  County,  Builders  Ex¬ 
change  League,  Allegheny  County  Bar  Association,  Civic  Club 
of  Allegheny  County,  Electrical  Contractors  Association,  Civic 
Commission,  Pittsburgh  Board  of  Trade  and  Master  Plumbers 
Association.  A  Commission  was  by  them  deemed  a  necessity. 
Pursuant  to  this  the  matter  was  taken  up  with  the  Mayor,  and 
Council  created  a  Commission  by  Resolution  No.  170,  Jan.  31, 
1910.  This  Commission  was  given  a  small  appropriation,  was 
to  act  without  compensation  and  immediately  began  wark.  A 
collection  of  the  building  laws  of  ten  principal  cities  was  pro¬ 
cured,  together  with  the  Code  of  the  National  Board  of  Fire 
Underwriters.  Thirty-five  separate  parts  or  divisions  giving 
the  general  gist  of  these  documents  were  collated  on  each  dif¬ 
ferent  kind  of  construction,  and  studies  for  procedure  made. 
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This  material  covered  about  1700  pages  of  typewritten  matter. 
This  document  is  one  of  the  present  possessions  of  the  State 
Commission  for  the  Revision  of  Building  Laws.  Early  in  the 
work  of  the  Pittsburgh  Commission  it  was  found  that  it  would 
be  impossible  to  do  what  was  necessary  to  bring  the  laws  of  this 
city  up  to  the  standard  required  by  modern  building  progress 
and  living  conditions  without  serious  conflict  with  the  state 
laws.  A  resume  of  the  objections  to  the  laws  then  in  force  as 
set  forth  in  a 'communication  to  the  Mayor  as  a  result  of  the 
joint  conference  just  mentioned,  is  here  quoted  in  part: 

‘I.  In  the  present  Jaw  there  is  found  no  provision  in  ‘ Party 
11  alls’  for  the  use  of  steel  or  reinforced  concrete  construction. 

II.  Classification  of  buildings  is  vague  and  incomplete.  In  many 
instances  permits  the  owner  to  designate  the  class  to  which  his  build¬ 
ing  belongs. 

MI.  Fire  proofing :  the  present  law  is  vague  and  inconsistent 
with  the  best  modern  practice. 

IA  .  Definitions:  The  lack  of  clearness  in  the  meaning  of  certain 
.  words  and  expressions  gives  opportunities  to  violate  the  real  intent  of 
the  existing  law. 

V.  Foundations :  The  use  of  other  materials  than  brick  and  stone 
is  not  provided  for. 

VI.  Elevators  and  Enclosures:  The  law  in  regard  to  the  materials 
of  the  inclosures,  installation  and  inspection  of  elevators  is  not  up  to 
the  best  modern  practice. 

Mb  Stans,  Corridors,  Exits  and  Fire  Escapes:  The  regulations 
concerning  some  of  the  same  apply  to  a  limited  number  of  buildings 

only  and  should  be  extended  to  include  all  excepting  those  now  speci¬ 
fically  described. 

VIII.  Inadequacy  :*  The  lack  of  clearness  and  the  meagerness  of 
the  code,  together  with  the  great  discretionary  powers  vested  by  it  in 
the  inspector  results  in  undeserved  loss  to  *the  building  public  by 
reason  of  inability  to  learn  the  law  prior  to  the  taking  out  of  a  permit.  . 
This  results  in  the  inspector,  intended  as  an  executive  officer  only, 
making  up  the  laws  from  day  to  day  and  the  changing  of  the  laws, 
to  some  extent,  with  each  change  in  the  inspector.  All  of  these  things 
are  an  unnecessary  burden  to  the  entire  public  and  particularly  to  the 
Bureau  of  Building  Inspection. 

Our  knowledge  of  the  inadequacy  of  the  laws  has  resulted  in  a 
concerted  movement,  looking  to  the  amelioration  of  the  existing  con¬ 
ditions.” 
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Accordingly  the  Pittsburgh  Commission  took  up  the  advisa¬ 
bility  of  state  legislation  with  the  Governor.  After  several  com 
ferences,  in  which  the  Commission  were  assisted  and  suppor  e 
by  statewide  organizations  his  consent  was  obtained  and  after 
considerable  work  a  measure  was  prepared  by  the  Pittsburg 
Commission  and  presented  to  the  legislature.  The  measure  was 
passed  organizing  a  State  Commission  and  appropriate*  $6000 
for  its  work.  Again  a  building  laws  Commission  working  with¬ 
out  compensation.  This  State  Commission  is  working  to  com¬ 
pletely  revise  and  rewrite  the  state  enactments  down  to  date. 
That  they  have  a  large  task  goes  without  question  as  all  fami  lar 

with  the  matter  are  aware. 

Since  then,  after  considerable  work  and  worry  the  Pit  s- 
burgh  Commission  has  succeeded  in  having  prepared  three  ordi¬ 
nances,  which  have  become  law.  The  first  one  to  be  completed 
was  the  Ordinance  Regulating  the  Construction  of  Hollow  Block 
and  Terra  Cotta  Walls  of  Buildings.  The  next  to  be  completed 
was  the  Ordinance  Authorizing  and  Regulating  the  Erection  o 
Steel  Frame  Structures,  and  the  Use  of  Iron  and  Steel  in  the 
Construction  of  Buildings  which  passed  Council  June  24,  and 
was  signed  by  the  Mayor  June  30tli,  1913.  And  the  next  was 
the  Ordinance  Authorizing  and  Regulating  the  Use  of  Concrete 
and  Reinforced  Concrete  in  the  Construction  of  Buildings, 
which  passed  Council  Dec.  4,  and  was  signed  by  the  Mayor  Dec. 


Other  ordinances  in  the  course  of  preparation  are,  Strength 
of  Materials  and  Fire  Protection  and  Prevention.  The  ordi¬ 
nance  covering  steel  construction,  while  carefully  and  correctly 
written,  did  not  stir  the  interest  of  the  public  as  much  as  did 
the  preparation  of  the  concrete  ordinance.  I  have  heard  many 
comments  on  the  form  of  both  and  copies  of  the  concrete  ordi¬ 
nance  are  constantly  in  demand  all  over  the  country.  It  has 
proven  an  excellent  work.  While  not  all  can  be.  pleased  by 
such  a  law,  all  admit  that  it  is  fair  and  equitable.  By  the 
exercise  of  common  sense  in  regard  to  all  special  cases,  patented 
systems  and  the  like,  this  ordinance  promises  relief  from  past 
conditions.  Only  one  thing  further  is  needed,  a  small  engineer¬ 
ing  inspection  force  to  assist  in  administration  of  the  laws.  At 
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present  one  lone  man  is  charged  with  keeping  track  of  both 
inside  and  outside  work  in  all  the  details.  That  much  outside 
work  goes  entirely  unseen  is  the  certain  result.  It  has  seemed 
more  important  to  attend  to  the  matter  of  proper  design  and 
specifications  in  the  office,  first,  and  construction  work  after¬ 
ward,  as  much  as  possible  in  the  time  left  for  it. 

Matters  arise  daily  in  the  engineering  end  of  the  work  that 
require :  First,  very  careful  study  before  laying  down  a  method 
of  procedure  which  will  be  correct  from  the  standpoint  of  the 
best  engineering  practice;  and,  second,  as  fair  and  open  treat¬ 
ment  to  the  interested  parties  as  is  possible.  Equity  is  main¬ 
tained  among  the  various  construction  interests  and  should  and 
does  receive  a  great  deal  of  studious  thought. 

In  the  writer  s  judgment,  the  best  building  law  is  one 
which  is  built  up  around  a  careful  and  comprehensive  series  of 
definitions  which  classify  all  building  requirements  for  health, 
public  safety,  public  morals  and  fire  protection.  Such  a  series 
of  definitions  should  be  the  whole  attitude  of  the  law,  not  the 
idea  of  restriction  or  the  attitude  of  “thou  shalt  not.”  Each 
use  to  which  a  building  is  to  be  put,  or  may  be  put,  should  be 
defined  and  classified  according  to  the  hazard  to  be  overcome  and 

the  minimum  requirements  set  forth  in  clear,  readable,  every¬ 
day  English. 


Definitions  classifying  the  different  methods  of  construction, 
as  to  fire  protection,  sanitary  and  safe  construction  should  come 
first.  Definitions  grading  the  various  structures  according  to 
their  intended  use  and  occupancy  should  come  next.  These  re¬ 
quirements  should  be  followed  by  a  series  of  definitions  and 
specifications  governing  the  use  of  all  building  materials,  taking 
each  in  turn  and  completing  the  requirements  for  each  before 
undertaking  the  next  one.  A  general  method  of  construction 
governing  a  peculiar  combination  or  use  of  building  materials 
should  be  treated  under  a  separate  heading,  viz:  Steel  or  Rein¬ 
forced  Concrete  Structural  Framing,  Use  of  Terra  Cotta  Tile 
Construction,  Electric  Wiring,  Plumbing,  etc. 

When  this  has  been  completed  it  should  be  followed  by  a 
definition  naming  the  class  and  grade  required  for  every  use  to 
which  structures  are  ordinarily  put.  This  section  should  be 
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treated  as  a  more  detailed  classification.  It  should  contain  all 
the  requirements,  specified  as  carefully  as  may  he,  as  t0  ma“ 
of  fireproofing,  materials  of  construction,  and  general  safegu 
t  be  "thrown  around  the  occupants  their  we  Iheing  and 

safety  This  last  should  contain  the  requirements  as  to  sa 
frlm  fire  proper  entrances,  exits,  etc.,  as  well  as  the-  general 
sanitary  ’regulations,  specifying  amount  of  space  per  perso 
ventilation,  light,  and  proper  placing  of  conveniences,  an i 
numerous  stipulations  covering  special  hazards  as 
of  explosives,  placing  of  automatic  sprinklers,  etc. 

In  this  connection  it  will  he  found  desirable  to  make  special 
layouts  for  the  treatment  of  such  structures  as  tenements  apart- 

„L,  workshops  ond  furies,  pta« ;  rt 
atres  garages,  etc.,  which  have  a  peculiar  hazard.  E  y 
it  should  be  borne  in  mind  that  an  architect,  engineer,  con¬ 
tractor  or  owner  should  be  placed  in  possession  of  all  necessary 
information  to  enable  him  to  design  and  execute  his  work  m 
conformity  with  the  laws  without  any  loss  of  time  or  feai  o 
refusal  of  permit  therefor.  This  requires  that  the  laws  give 
full  and  complete  information  all  the  way  through,  an 
will  be  found  a  distinct  advantage,  will  hardly  be  deme  . 

But  when  all  is  said  and  done,  the  value  of  any  law  depends 
not  so  much  upon  what  it  contains  as  the  ability,  common  sense 
and  efficiency  of  those  engaged  in  its  administration  and  en¬ 
forcement.  It  might  be  possible  to  write  a  theoretically  perfec 
law  and  not  find  one  piece  of  construction  work  correctly  done 
under  it.  One  of  the  prime  requisites  is  the  choosing  of  capable 
and  broad-minded  men  to  do  this  work,  assisted  by  efficient,  con¬ 
scientious  inspectors.  Much  can  be  done  toward  insuring  a 
proper  administration  of  the  laws  by  so  arranging  the  admini¬ 
strative  portion  that  an  intelligent  man  will  catch  hold  of  t  e 
right  idea.  Then  conditions  will  be  favorable  for  good  building 
construction.  On  this  account  the  administrative  sections  sliou 

receive  very  careful  study. 
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SUGGESTION’S 


FOK  A  BUILDING  LAW  FOK  TIIE  CITY 
OF  PITTSBURGH 


ORGANIZATION  AND  ADMINISTRATION 

The  administrative  portion  should  come  first.  It  should 
establish  the  status  of  the  Inspector  and  all  the  necessary  as¬ 
sistants,  name  salaries  that  would  attract  the  attention  of  good, 
industrious  and  capable  men,  and  lay  out  the  work  to  be  done 
and  the  records  to  be  kept  sufficiently  to  give  a  capable  man 
the  right  idea  and  have  such  flexibility  that  improvements  in 
methods  are  not  prevented  but  given  every  advantage. 

A  diagram,  Fig.  1,  is  here  given  which  appears  to  the  writer 
to  give  a  complete  layout  for  the  proper  organization  of  a  Bureau 
of  Building  Inspection  for  such  a  city  as  Pittsburgh.  In  ex¬ 
planation  let  it  be  said  that  under  the  present  state  laws,  which 
are  being  revised,  other  bureaus  have  been  established  which 
would  be  brought  into  this  suggested  Bureau  as  divisions.  The 
idea  is  simply  to  state  what  would  make  an  efficient  organization, 
to  show  how  the  work  might  be  arranged  to  minimize  the  over- 
lapping  of  the  inspections,  to  save  trouble  and  effort  on  the  part 
of  applicants  for  building  permits  who  would  no  longer  be  re- 
quiied  to  take  out  a  half  dozen  permits  for  as  many  different 
portions  of  a  single  operation  and  to  so  co-ordinate  and  arrange 
matters  that  all  building  inspection  work,  per  se,  would  be  under 
one  organization.  The  advantages  of  so  arranging  this  work, 
while  easily  perceived  by  those  whose  business  it  is  to  create 
efficient  organizations,  may  be  briefly  included  in  the  following 
statements.  Those  inspectors  whose  work  is  now  quite  similar 
in  character  would  be  placed  in  one  class  of  work  and  those  men 
would  no  longer  follow  each  other  over  the  same  territory. 
Fewer  men  would  be  needed  to  accomplish  the  desired  end.  One 
head  of  each  division  remaining  most  of  the  time  at  the  office 
could,  by  keeping  an  active  system  of  reports,  have  control  over 
his  particular  division  and  should  be  held  responsible  to  the 
superintendent  for  the  efficiency  of  his  division.  For  each  sub¬ 
division  of  the  work,  one  of  the  inspectors  should  be  regarded  as 
senior  ,  his  district  being  located  downtown,  and  not  so  ex¬ 
tended  but  that  he  would  have  time  to  confer  at  the  general 
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office  with  the  head  of  his  division  when  needed.  Division  heads 
would  be  expected  to  confer  and  so  arrange  their  work,  under 

the  general  superintendent,  that  each  item  would  be  fully  pro¬ 
vided  for. 

A  permanent  Board  of  Appeal  consisting  of :  One  repre¬ 
sentative  of  each  of  the  great  divisions  of  the  work  to  be  covered 
should  be  provided  for  in  order,  as  has  been  outlined  previously, 
to  decide  appeals  from  the  decisions  of  the  building  inspector 
to  pass  upon  lulings  of  the  Bureau  and  to  act  as  permanent  com¬ 
mission  for  the  advancement  of  the  building  laws. 

In  addition  to  the  organization,  the  general  manner  of  ar¬ 
ranging  the  work  should  be  laid  down.  The  reports  to  be  made 
to  the  City  and  to  the  State  should  be  described  so  that  an 
efficient  head  of  the  office  would  be  able  to  catch  the  correct 
idea  and  do  the  work  as  desired.  The  general  manner  of  pro¬ 
cedure  in  taking  out  permits,  in  serving  notice  of  violations  of 
the  laws,  penalties  for  violating  the  laws,  regulating  permits 

required  for  change  of  occupancy  and  all  such  matters  should 
have  careful  consideration. 

It  will  be  found  to  be  of  the  greatest  advantage  to  regulate 
e  matter  of  building  permits  in  general  as  follows :  The  permit 
given  the  contractor,  engineer,  or  the  architect  should  be  for 
construction  only.  The  application  for  permit  should  state  in 
addition  to  other  information,  the  intended  use  of  the  structure 
eaving  the  classification  of  structure  to  the  Building  Inspector, 
un  er  the  law  itself.  Upon  completion  of  the  building  opera¬ 
tion,  the  owner  should  receive  notice  as  to  whether  or  not  it  is 
accepte  y  the  Inspector  and  permit  issued  for  a  specified 
occupancy,  if  compliance  with  the  laws  has  obtained.  Succes¬ 
sive  permits  should  be  required  for  each  change  in  kind  of 
occupancy.  This  would  operate  to  prevent  such  a  thing  as  a 

theTfiir  lnf  r  auZ  °Ut  f0r  a  StabIe-  hui,diD«  jt  wood  and 
hen  filling  it  full  of  automobiles,  and  trust  to  luck  as  to  whether 

the  law  would  hold  them  “if”  they  were  found  out.  It  would 

S,  gAe  the  nspec;°r  8  hold  the  placing  of  an  occupancy 
with  a  heavy  hazard  m  an  old  building  unfit  to  carry  it  This 

zi°i°zzzr wo,,ld  require  ver-v  paref"'  ** 
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Another  matter  that  is  rarely  found  to  be  correctly  handled 
in  a  “code”  is  the  plans  for  a  structure.  In  Cleveland  dupli 
cate  sets  must  be  given  the  inspector,  both parked  approved 

St  Inspector’s  „f»c,  ..I  the  other  returned  Jo  the  ^ 

tractor  ,n<!  kept  by  him  (or  the  ,nsp«tor  «  u  e.  One  »t 
plans  at  the  operation  should  be  thus  marked  Approved  @ 
Duplicates  of  those  marked  could  be  kept  also,  if  des  • 
inspector  will  thus  be  sure  when  he  goes  upon  the  job  that 
plans  be  looks  over  are  the  ones  upon  which  permit  has  been 

issued.  .  ,  , 

This  would  add  largely  to  the  efficiency  of  the  inspector  s 

work  Two  principal  results  would  be  noticed  immediately.  One 
f  which  is  the  Bureau’s  record  in  the  file.  Contractors  and 
architects  would  have  to  file  in  the  office  of  the  inspector  al 
plans  covering  changes  in  construction  determined  upon  afte 
such  work  had  begun.  This  will  make  the  file  of  plans  in  the 
inspector’s  office  complete  and  correct.  (Imagine  going  into 
the  files  to  see  if  certain  contemplated  improvements  or  addi¬ 
tions  could  be  made  with  safety  and  finding  that  the  plans  kept 
there  do  not  conform  to  the  construction  of  a  building.) 
time  wasted  in  getting  correct  data  consumes  the  cost  of  making 
a  correct  record  several  times  over  as  a  rule.  Then,  an  inspector 
sure  that  the  plans  he  is  looking  at  are  the  approved  ones,  will 
take  an  added  personal  interest  in  checking  over  the  construc¬ 
tion  by  the  plans.  Result:  Inspectors  inspecting,  and  the  feel¬ 
ing  that  they  are  working  on  a  certainty  causes  them  to  take  an 
added  interest  in  their  work.  What  man  is  there  who,  finding  it 
does  not  make  much  difference  whether  he  works  or  not,  will  not 
become  disheartened  thereby  and  lose  efficiency,  or  else  it  com¬ 
pletely  wrecks  his  desire  to  be  “on  the  job”  when  there  is  an 
air  of  uncertainty  about  things. 

definitions 

This  should  be  followed  by  a  complete  set  of  definitions,  not 
an  “attempt”  but  “definitions”,  of  every  name  used.  These 
should  be  brief  but  accurate,  not  containing  specifications. 
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CLASSIFICATION  OF  STRUCTURES 

This  is  one  of  the  most  important  sections  of  the  Building 
Law.  There  are  many  different  opinions  as  to  details.  Suffice 
it  to  say  that  a  perusal  of  the  criticisms  offered  to  the  Pitts¬ 
burgh  Commission  on  the  steel  and  concrete  ordinances  shows 
that  not  one  offered  thoughts  on  the  general  and  broader  aspects 
of  the  plan.  Each  individual  correspondent  read  the  ordi¬ 
nances,  picked  out  a  few  details  which  he  praised  or  criticised 
as  his  fancy  dictated. 

A  carefully  planned  and  well  worked  out  building  law  will 
not,  as  some  fear,  supplant  the  work  of  the  high  class  engineer, 
architect,  or  contractor;  but  on  the  contrary  the  general  public 
will  be  led  to  appreciate  the  work  that  the  really  good  profes¬ 
sional  men  are  doing,  and  this  will  lead  to  their  sure  employ¬ 
ment,  because  the  need  for  such  experienced  services  will  become 
apparent. 

The  following  classification  of  structures  was  arrived  at 
after  considerable  work  on  the  inspection  of  buildings  and  a 
careful  study  of  the  laws  of  other  cities,  gleaning  the  best  from 
each  and  writing  it  into  this  classification.  Classification  is  made 
according  to  the  requirements  for  resistance  to  fire  hazard. 
Grade  is  given  as  definition  of  kind  of  occupancy. 

CLASS  I :  Buildings  in  which  all  structural  parts  carry¬ 
ing  loads  or  resisting  strains  are  made  of  incombustible  ma¬ 
terials  protected  by  fire  resisting  materials,  and  all  walls,  parti¬ 
tions,  doors,  trim  and  sash  are  made  of  fire-resisting  materials 
all  of  which  will  fulfill  the  requirements  given  in  the  “Standard 
Table  for  Full  protection  ’  \  and  all  glass  in  windows  doors  and 
transoms  or  skylights  are  made  of  wire  glass.  All  openings 
through  floors  for  fire-stairs  must  be  made  of  fire-resisting  en¬ 
closures,  as  given  in  sub-class  F,  G  and  H  of  Table  No.  1.  All 
floor  openings  other  than  fire  stairs  such  as  elevators,  escalators 
and  ordinary  stairways  must  be  completely  surrounded  with 
fire-resisting  enclosures,  as  given  in  sub-class  H,  be  provided  with 
doors  made  of  incombustible  materials  and  wire  glass,  and  have 
automatic  fire  doors  for  every  opening.  All  partitions  and  en¬ 
closures  to  be  otherwise  as  specified  for  occupancy.  Occupancy 
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will  then  be  defined,  and  the  description  of  the  requirements 
for  each  kind  should  be  given  under  the  heading:  Occupancy. 

CLASS  II :  Buildings  in  which  all  structural  parts  carry¬ 
ing  loads  or  resisting  strains  are  made  of  incombustible  materials 
protected  by  fire-resisting  materials  and  all  walls  and  partitions 
are  made  of  fire  resisting  materials  which  fulfill  the  requirements 
given  in  the  “Standard  Table  for  Full  Protection”.  All  doors, 
wall  trim,  window  sash  and  floor  finish  may  be  made  of  com¬ 
bustible  materials.  All  glass  may  be  ordinary  glass.  All  open¬ 
ings  through  floors  for  fire-stairs  must  be  made  of  fire-resisting 
enclosures,  as  given  in  sub-class  N  of  Table  No.  II.  All  floor 
openings  other  than  fire  stairs,  such  as  elevators,  escalators  and 
ordinary  stairways  must  be  completely  surrounded  with  fire 
resisting  enclosures,  given  in  sub-class  0  and  P,  and  be  provided 
with  doors  made  of  incombustible  materials  and  wire  glass  or 
else  have  automatic  fire  doors  for  every  opening.  All  partitions 
and  enclosures  otherwise  to  be  as  specified  for  Occupancy. 

CLASS  III :  Buildings  in  which  all  structural  parts  carry¬ 
ing  loads  or  resisting  strains  are  made  of  incombustible  ma¬ 
terials  protected  by  fire-resisting  materials  and  all  walls  and 
partitions  are  made  of  fire-resisting  materials  which  will  fulfill 
the  requirements  given  in  the  “Standard  Table  for  Partial  Pro¬ 
tection”.  All  other  parts  being  the  same  as  in  buildings  under 
Class  II. 

CLASS  IV :  Buildings  in  which  all  structural  parts  carry¬ 
ing  loads  or  resisting  strains  are  made  of  incombustible  ma¬ 
terials  unprotected  by  fire-resisting  materials.  All  walls  and 
partitions  being  made  of  fire-resisting  materials  which  will  ful¬ 
fill  the  requirements  given  in  the  “Standard  Table  for  Partial 
Protection”.  All  other  parts  being  the  same  as  in  buildings 
under  Class  II. 

CLASS  V :  Buildings  in  which  all  the  structural  frame, 
including  walls,  columns,  beams  and  girders  are  made  of  in¬ 
combustible  materials  unprotected  by  fire-resisting  materials. 
All  floors  and  partitions  being  made  of  fire-resisting  materials 
which  will  fulfill  the  requirements  given  in  the  “Standard 
Table  for  Temporary  Protection”.  All  doors,  finish,  trim,  win¬ 
dow  frames  and  glass  being  constructed  of  combustible  ma- 
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terials  and  ordinary  glass.  All  openings  through  floors  for 
fire-stairs  to  be  fire-resisting  enclosures,  as  given  in  sub-class 
W,  X  and  Y  as  specified  for  Occupancy,  and  must  be  provided 
with  automatic  firedoors  of  the  same  fire  resisting  quality  as  the 
enclosures  or  else  doors  made  of  incombustible  materials.  All 
partitions  and  enclosures  otherwise  to  be  constructed  as  specified 
for  Occupancy. 

CLASS  VI :  Buildings  in  which  all  structural  parts  carry¬ 
ing  loads  or  resisting  strains  are  made  of  combustible  materials 
but  which  fulfill  the  requirements  given  and  specified  for  slow 
combustible  construction.  All  outside  walls  being  made  of  fire 
resisting  materials  which  will  fulfill  the  requirements  given  in 
the  “Standard  Table  for  Full  Protection”.  All  fire  enclosures 
and  partitions  to  be  the  same  as  in  buildings  under  Class  II. 

CLASS  VII :  Buildings  in  which  all  structural  and  other 
parts  are  made  of  combustible  materials. 

FIRST  GRADE :  All  buildings  devoted  to  the  use  of  the 
general  public  for  purposes  of  state  or  of  public  assemblage. 

Division  “A”:  public  buildings  proper.  Buildings  de¬ 
signed  to  be  occupied  by  state,  county  or  city  administration 
offices,  court  rooms,  libraries,  museums,  art  galleries  or  council 
chambers. 

Division  “B”:  school  buildings.  Includes  all  school,  col¬ 
lege  or  other  buildings,  containing  class,  drawing  or  lecture 
rooms  or  rooms  for  the  purpose  of  education  or  instruction.  If 
any  such  building  has  an  assembly  room  of  greater  seating  ca¬ 
pacity  than  four  class  rooms  such  assembly  room  will  be  con¬ 
sidered  as  an  Assembly  Hall  and  subject  to  the  requirements 
therefor. 

Division  “C”:  assembly  halls.  Includes  all  churches, 
convention  halls,  auditoriums,  exposition  buildings,  music  halls, 
railroad  departments,  or  any  part  of  a  building  containing  an 
assembly  room  holding  more  than  100  people. 

Division  “D”:  theatres.  Includes  all  theatres,  opera 
houses,  play  houses,  pavilions,  or  any  assembly  hall  designed  or 
used  for  the  entertainment  of  spectators  having  a  permanent 
stage  upon  which  stage  scenery  and  theatrical  apparatus  is  em¬ 
ployed. 
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Division  “E":  detention  buildings.  Includes  all  public 
or  private  hospitals,  reformatories,  prisons  and  police  stations. 

Division  “F”:  public  utility  buildings.  Includes  all 
other  buildings  owned  or  used  by  the  general  public  but  not 
classified  in  the  foregoing  divisions. 

SECOND  GRADE:  quasi-public  buildings.  Includes  all 
buildings  used  for  the  public  shelter  either  for  purposes  of 
business,  or  for  temporary  abode  or  habitation. 

Division  “A” :  hotels.  Includes  all  hotels,  public  inns, 
or  any  building  or  part  thereof  designed  to  be  used  for  supply¬ 
ing  food  or  shelter  to  residents  or  guests  and  having  a  public 
dining  room,  cafe  or  office  or  either.  A  public  lodging  house  or 
a  building  used  only  for  the  shelter  of  residents  or  guests  will 
be  classified  as  a  hotel. 

Division  “B”:  office  buildings.  Includes  any  building 
designed  or  used  for  office  purposes  in  the  conduct  of  general 
business,  but  may  have  a  store  or  sales  rooms  on  the  ground 
floor.  No  part  of  such  a  building  shall  be  used  for  residence 
except  by  the  janitor  and  his  family. 

Division  “C”:  store  buildings.  Any  building  designed 
or  used  for  the  sale  of  merchandise  or  objects  of  utility  or  gen¬ 
eral  supplies. 

THIRD  GRADE:  industrial  buildings.  Includes  all 
buildings  designed  or  used  for  the  manufacture  or  storage  of 
merchandise. 

Division  ((A”:  factory  buildings.  Includes  all  buildings 
designed  or  used  for  the  manufacture  of  merchandise  by  ma¬ 
chinery.  All  printing  establishments  will  be  classified  as  factory 
buildings. 

Division  “B”:  work  shops.  Includes  all  buildings  de¬ 
signed  or  used  for  the  manufacture  of  merchandise  by  hand. 

Division  “C”:  mill  buildings.  Includes  all  buildings  de¬ 
signed  or  used  for  the  manufacture  and  storage  of  heavy  ma¬ 
chinery,  structural  steel  shapes  or  bars,  or  castings,  and  machine 
shops. 

Division  “D”:  warehouses.  Includes  all  buildings  de¬ 
signed  or  used  for  the  storage  of  general  merchandise  or  food 
or  other  supplies. 
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Division  “ E garages.  Includes  all  buildings  designed 
or  used  for  automobile  livery  or  storage,  where  five  or  more  auto¬ 
mobiles,  carrying  tanks  containing  fuel,  any  volatile  or  inflam- 
able  material,  are  kept. 

Division  “F”:  slaughter  houses.  Includes  all  buildings 
designed  or  used  for  the  slaughter  of  animals,  the  curing,  dry¬ 
ing  or  preparation  of  meat  or  the  by-products  thereof,  or  the 
rendering  of  fat  or  manufacture  of  soap,  bonedust.  fertilizer  or 
other  animal  product. 

FOURTH  GRADE:  tenements.  Includes  all  buildings 
containing  suites  or  apartments  used  for  the  permanent  habi¬ 
tation  by  more  than  two  families  living  independently  of  each 
other. 

Division  “A”:  apartment  houses.  Any  building  or  any 
portion  thereof  designed  or  used  as  a  residence  for  more  than 
two  families  living  independently  of  each  other,  and  in  which 
every  family  or  household  shall  have  provided  for  it  a  kitchen, 
set  bath  tub  and  water  closet  separate  and  apart  from  any 
others.  A  store  on  the  ground  floor  will  be  classed  as  an  apart¬ 
ment  for  one  family. 

Division  “B”:  club  houses.  Includes  all  buildings  used 
or  intended  for  use  by  an  organization  or  society  for  mutual 
entertainment  or  recreation  having  a  common  kitchen,  dining 
room  and  other  rooms  of  utility  and  recreation  and  containing 
lodging  apartments  for  the  use  of  the  members  of  the  organ¬ 
ization  only. 

Division  “C”:  tenement  houses.  Includes  all  houses, 
buildings  or  portion  thereof  which  is  designed  to  be  used  or 
occupied  as  a  home  or  residence  of  more  than  two  families  living 
Independently  of  each  other  and  doing  their  cooking  upon  the 
premises  or  by  more  than  two  upon  any  floor  so  living  and  cook¬ 
ing  but  having  a  common  right  in  the  halls,  stairways,  yards, 
or  water  closet.  A  store  on  the  first  or  ground  floor  will  be  con¬ 
sidered  the  same  as  a  home  for  a  family. 

FIFTH  GRADE :  dwellings.  Includes  all  buildings  which 
are  designed  or  used  as  the  home  or  residence  of  not  more  than 
two  separate  families  in  which  not  more  than  ten  rooms  shall 
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be  used  for  the  accommodation  of  boarders,  no  part  of  which  is 
used  as  a  store  or  for  any  business  purpose. 

Two  or  more  such  dwellings  may  be  connected  on  each  story 
when  used  for  boarding  purposes  provided  the  halls  and  stairs 
of  each  house  shall  be  left  unaltered. 

Dwellings  built  in  terraces  more  than  three  stories  high 
having  two  distinct  families  living  independently,  or  a  family 
on  upper  floors  with  a  store  below  will  be  classed  as  a  tenement 
house. 

SIXTH  GRADE:  Includes  all  buildings  used  for  the 
shelter  of  animals  or  vehicles. 

Division  “A”:  stables.  Includes  all  buildings  designed 
or  used  for  horse  livery,  boarding  or  private  stables  or  barns, 
carriage  houses,  sheds,  pens,  coops,  stockyards  with  attendant 
slaughter  pens  or  any  building  for  the  feeding  or  sheltering  of 
animals  or  fowle. 

Division  “B”:  garages.  Includes  all  garages  designed  or 
used  for  the  shelter  or  storage  of  automobiles  for  private  use 
only  where  not  more  than  five  automobiles  are  kept. 

SEVENTH  GRADE :  towers.  Includes  all  structures  de¬ 
signed  or  used  for  water  storage,  for  sprinkler  systems  or  other 
purposes.  A  water  tank  for  any  purpose,  placed  in  or  near 
a  building  whether  supported  by  separate  tower  or  not  will' be 
classed  under  this  grade. 

EIGHTH  GRADE  :  Includes  all  buildings  or  structures 
not  classed  in  grades  one  to  seven.  For  the  purpose  of  this 
law,  fences,  bill  and  sign  boards  and  all  signs  shall  be  classed 
as  structures  of  this  grade. 

OCCUPANCY :  Following  this,  the  name  and  definition 
of  every  kind  of  use  or  occupancy  should  be  given,  naming  the 
class  and  grade  under  which  they  must  be  constructed  and  speci¬ 
fying  all  the  additional  requirements  necessary  in  order  to  pro- 
vide  for  the  hazards  occurring  in  each.  This  will  cover  such 
uses  as  Tenement  Houses,  Theatres,  Nickelodeons,  Assembly 
Halls,  Office  Buildings,  Factories,  Warehouses,  etc.,  etc.  These 
additional  requirements  will  cover  electric  wiring,  plumbing, 
etc.,  as  well  as  general  sanitary  conditions  and  many  others. 
This  is  fhe  longest,  most  wordy  and  tedious  of  the  various  por- 
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tions  of  a  building  law  and  must  be  passed  over  very  briefly  in 
such  a  discussion  as  this.  Mention,  however,  must  be  made  that 
all  the  requirements  for  each  kind  of  occupancy  should  he  ex¬ 
hausted  under  its  heading,  even  if  there  might  he  some  dupli¬ 
cation  of  requirements  for  other  occupancies.  This  is  advocated 
simply  as  a  method  to  help  to  make  the  laws  clear  and  easy 
for  reference  for  the  convenience  of  those  who  must  use  the  code 
daily.  It  will  he  found  that  such  an  arrangement  renders  it 
less  easy  to  make  mistakes  in  planning  a  structure,  or  in  en- 
forcing  the  laws. 

m 

CLASSIFICATION  OF  MATERIALS  AND  METHODS  OF  CONSTRUCTION 

Following  the  classification  of  structures  should  come  a 
careful  description  and  specification  for  the  materials  of  con¬ 
struction.  This  should  he  accomplished  in  a  great  measure  by 
classifying  special  requirements  such  as:  “A”,  Fire  Resisting 
Properties;  Resistance  to  Strains;  “ C”,  Permanency  of 

Construction;  “D”,  Maintenance  and  Preservation;  “ E”,  Sani¬ 
tary  Condition,  etc.  All  classifications  should  he  worked  out 
properly  to  suit  the  risks  involved.  Requirements  more  severe 
than  necessary  to  bring  about  proper  application  of  construction 
to  evenly  balance  the  hazard  should  not  be  advocated.  Short 
descriptions  should  be  interwoven  with  the  technical  specifi¬ 
cation  in  order  to  popularly  summarise  the  reasons  for  their 
use  to  correspond  with  the  hazard.  This  last  will  do  much 
toward  removing  popular  prejudice  against  the  requirements 
and  to  prove  that  the  specifications  are  not  more  severe  than 
necessary.  All  classifications  should  he  worked  out  with  the  end 
in  view  of  placing  the  use  of  all  materials  and  methods  of  con¬ 
struction  on  a  basis  of  merit  alone.  It  should  specify  results 
only,  since  the  result  desired  is  the  end  in  view.  It  should  not 
contain  an  endless  amount  of  aglomerated  details  setting  forth 
how  the  result  must  he  obtained,  but  it  should  leave  all  this 
to  the  inventive  genius  of  engineers  and  the  story  told  by  the 
testing  apparatus.  Physical  tests  will  do  more  to  remove  the 
doubt  as  to  safety  or  danger  of  construction  and  to  prove  how 
Nature,  the  great  solver  of  all  problems,  will  solve  those  which 
come  under  observation  in  building  operations.  Requirements 
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placed  against  the  physical  testing  apparatus  should  never  be 
any  more  severe  than  obtain  under  the  actual  conditions  of 
service.  Observation  should  be  carefully  made  under  these  con¬ 
ditions.  Now  this  means  just  exactly  what  it  says.  It  means 
that  the  day  of  the  careless  engineer  in  these  matters  is  ending. 
A  new  era  is  coming.  Methods  of  construction  will  be  im¬ 
proved,  the  quality  more  certain  and  conditions  of  occupancy, 
after  the  construction,  more  closely  supervised.  When  this  has 
been  accomplished,  factors  of  safety  can  be  kept  the  same  and 
cost  of  construction  lowered.  It  will  then  be  seen  that  the 
present  extravagance,  called  a  factor  of  safety,  will  be  much 
reduced. 

Classification  of  materials  covering  fire  resisting  qualities 
is  now  receiving  careful  consideration  by  the  National  Fire  Pro¬ 
tection  Association,  and  the  U.  S.  Bureau  of  Standards  at  the 
Butler  Street  Laboratory  in  this  city.  It  received  its  impetus 
at  the  International  Fire  Prevention  Congress  held  in  London 
in  1903  by  the  British  Fire  Prevention  Committee,  and  the  Na¬ 
tional  Fire  Prevention  Convention  held  in  Philadelphia,  Oct. 
13-18,  1913. 

The  tables  here  given  are  built  up  around  the  information 
gained  from  study  of  the  requirements  laid  down  by  the  fore¬ 
going  organizations*  and  differ  from  them  only  in  two  -or  three 
cases  where  experience  has  suggested  that  a  sub-class  might  be 
added  to  provide  for  conditions  which  are  less  severe  than  those 
called  for  by  the  requirements.  In  addition  to  this,  the  in¬ 
formation  given  under  the  column,  “ Remarks”  and  at  the 
bottom  of  the  Table  as  “Notes”  has  suggested  itself  to  the 
writer  as  a  brief  way  to  tell  the  story  of  how  the  different  parts 
of  a  structure  may  be  construed  to  suit  the  requirements. 

Classification  of  materials  from  other  standpoints  has  been 
given  careful  study  by  the  writer.  However,  this  is  a  difficult 
matter  to  cover  completely  in  a  short  time  and  the  work  is  not 
in  shape  to  present  at  the  present  time.  Nothing  has  been  done 
as  yet  in  this  direction,  so  far  as  can  be  learned.  The  progress 

*The  compilation  was  made  by  a  committee  appointed  by  the  Gypsum  In¬ 
dustries  Association,  of  which  Virgil  G.  Marani,  Cons.  Engr.,  Cleveland,  Ohio,  was 
Chairman. 
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Note:  1  hat  all  partitions  except  minor  are*to  be  constructed  entirely  of  materials  that  will  not  support  combustion,  attachment  to  be  secure 
and  to  withstand  same  test:  That  elevator  enclosures  and  doors  to  withstand  same  test  as  fire  division  partitions:  That  all  floors  are  to 
be  designed  for  loadings  to  suit  use  of  building. 
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achieved  so  far  by  the  writer  in  his  work  has  come  from  requir¬ 
ing  those  interested  in  various  building  materials  to  conduct 
physical  tests  as  fast  as  possible,  and  submit  reports  of  all  tests, 
giving  information  relative  to  its  use,  and  to  place  in  wiiting 
specifications  for  their  use  and  methods  of  conducting  calcula¬ 
tions  for  suitability  in  its  proposed  installations.  This  has  been 


made  to  cover  several  materials  for  non-bearing  partitions, 
several  “ systems’'  of  reinforced  concrete  construction  and 
waterproofing  compounds  for  concrete.  The  matter  of  pre¬ 
servative  coatings  for  steel  has  been  brought  to  the  writei  s  at¬ 
tention  (juite  recently.  When  the  information  is  at  hand,  those 
points  now  covered  by  law  are  separated  from  those  that  are 
not,  and  decision  is  made  as  to  the  manner  in  which  the  Tnspectoi 
will  check  the  work  in  order  to  make  the  construction  proposed 


as  safe  as  other  types  covered  by  law  and  ordinance.  The  prin¬ 


ciples  of  good  engineering  are  strictly  adhered  to.  When  a 
decision  has  been  reached  and  agreed  to  by  those  proposing  to 


use  a  method  of  construction,  or  building  material,  a  specifica¬ 


tion  covering  its  use  is  written  and  sent  to  the  interested  party. 
All  information,  tests,  reports  and  correspondence  is  then  filed 
together  with  the  specification  covering  its  use  for  future  refer¬ 
ence.  The  advantage  in  this  procedure  being  that,  after  all 
this  has  been  done,  users  of  a‘ given  material  will  know  exactly 
what  will  be  passed  by  the  Bureau  and  can  go  ahead  with  per¬ 
fect  confidence,  knowing  that  the  material  may  be  used.  Also 
this  method  of  procedure  insures  uniformity  in  decisions  by  the 
Bureau,  avoiding  the  oft-repeated  claim  that  one  man  is  given 
advantages  which  are  refused  another.  It  also  aids  in  correct- 
ness  of  decisions.  When  decisions  are  made,  they  have  been 
thoroughly  discussed  beforehand  and  the  decisions  are  much 
more  apt  to  be  correct. 

In  the  tests  made  for  various  methods  of  applying  steel 


reinforcement  to  concrete,  strain  gauge  test  readings  aic  re 
quired  on  steel  and  concrete,  taken  at  the  same  time  the  applied 
load,  which  equals  the  live  load  for  which  the  structure  is  de¬ 
signed,  is  so  placed  within  the  structure  as  to  produce  the 
heaviest  strains  likely  to  occur  in  its  practical  use  However, 
such  conditions  are  never  required  to  be  any  more  severe  than 
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this.  When  this  information  lias  been  correctly  obtained,  then 
assumptions  and  theory  must  be  worked  out  to  a  sufficient  state 
of  completeness  to  insure  that  an  estimate  of  the  strength  may 
be  made  with  sufficient  accuracy  to  come  within  the  limits  of 
uniformity  of  construction  and  behavior  of  materials. 


METHODS  OF  CALCULATION 

The  discussion  immediately  preceding  has  quite  an  im¬ 
portant  bearing  upon  the  general  method  to  be  followed  in 
making  design  calculations.  Everywhere  in  nature  the  keen 
student  observes  a  uniformity  of  procedure.  The  same  causes 
produce  the  same  results  under  the  same  conditions  everywhere. 
This  shows  that  all  problems  will  be  solved  in  nature,  in  a 
certain  way,  under  certain  conditions.  The  solution  will  lx* 
worked  out  by  Nature  in  her  own  way  regardless  of  the  hopes, 
desires,  or  assumptions  of  man..  Man  has  created  a  science 
called  Engineering. 

An  important  work  which  should  be  done  by  engineers  is 
the  observance  of  the  behavior  of  structures  after  completion 
in  order  to  arrive  at  a  basis  for  comparison  of  other  structures 
under  similar  conditions,  or  for  predicting  the  probable  be¬ 
havior  of  a  similar  structure  under  samewhat  different  con¬ 
ditions.  It  is  the  province  then  of  the  scientist  to  formulate 
theories  and  methods  of  calculation  which,  worked  out  for  the 
conditions  in  hand,  will  result  in  a  correct  estimate  as  to  what 
will  be  the  result  of  doing  certain  predetermined  things. 

Engineers  frequently  lose  sight  of  this  reasoning;  At  times 
they  fall  into  the  habit  of  analyzing  mere  definitions  and  postu¬ 
lates,  assuming  that  the  results  correspond  exactly  with  tin* 
physical  conditions  in  the  materials  doing  the  actual  work. 
Avoiding  any  metaphysical  discussion  of  nominalism  and 
realism,  it  is  not  hard  to  see  that  no  set  of  symbols  can  fully 
represent  physical  conditions.  Adding  to  this  the  uncertainty 
arising  from  lack  of  ability  to  see  into  the  future  far  enough  to 
foresee  how  much  abuse  a  structure  may  receive,  the  necessity 
of  factors  of  safety  sufficient  to  cover  such  liabilities  and  hazards 
is  apparent.  It  is  important  to  check  the  assumptions  and 
theories  by  actual  experiments  and  physical  measurements  of 
materials,  noting  their  quality  and  behavior  in  the  structure 
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after  it  has  been  assembled.  The  condition  which  all  are  trying 
to  foresee  is  just  this  and  nothing  more.  It  is  the  wise  man 
who  goes  directly  to  the  source  for  all  information  needed  in 
the  conduct  of  his  business.  Wisdom  and  judgment  are  needed, 
common  sense  must  be  applied  to  these  matters.  Experiences 
the  writer  has  encountered,  have  led  him  to  think  with  the 
editor  of  “Engineering”  (London):  “Common-sense  without 
mathematics  will  do  a  great  deal,  common-sense  with  mathe¬ 
matics  will  usually  do  more ;  but  mathematics  without  common- 
sense,  what  need  be  said. 

Whenever  a  natural  process  is  to  be  represented  by  a  set 
of  mathematical  or  other  symbols,  it  is  well  to  remember  that 
the  artificial  statement  often  expresses  more  than  actually  ob¬ 
tains  in  nature,  because  in  the  physical  world  only  changes  of 
certain  kinds  occur.  It  is  well  than  to  limit  the  generality  of 
mathematical  expression  and  to  come  to  a  realization  that  a  test 
on  actual  structures  under  service  conditions,  while  it  may  not 
offer  a  more  precise  verification  of  classical  mechanics,  does  lead 
rather  to  correction  of  principles  considered  a  priori  as 
rigorous. 

Now  what  has  all  this  to  do  with  the  matter  of  building 
laws,  particularly  methods  of  calculation?  Simply  this:  It  is 
to  point  out  forcibly,  in  laying  down  mathematical  assumptions 
to  be  followed,  or  the  mathematical  processes  which  it  is  intended 
shall  be  used  in  making  calculations  for  strength  of  a  structure, 
that  they  are  simply  the  fine  tools  of  a  very  skilled  workman, 
and  must  be  used  as  such.  Just  as  a  good  carpenter  ne\er 
would  try  to  make  a  square  hole  with  a  gouge,  so  is  it  necessary 
for  methods  of  calculation,  laid  down  as  sacred  and  not  to  be 
violated  in  a  building  law,  to  fit  the  use  for  which  they  are 

intended  in  the  best  manner  known  to  man. 

Thus,  while  a  building  law  need  not  attempt  to  assume  the 
proportions  of  a  text  book  on  the  subject,  or  any  phase  of  it, 
yet  sufficient  information  as  is  sure  to  be  needed  by  a  designer 
to  give  him  opportunity  to  do  his  work  under  the  law  cor¬ 
rectly  and  have  it  pass  the  requirements  without  annoyance 
or  delay,  is  necessary.  This  will  have  been  accomplished  when 
all  requirements  for  safety  have  been  clearly  stated. 
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It  is  inexpedient  to  try  to  place  full  details  in  this  paper, 
hence  it  is  sufficient  to  state  that  strict  adherence  to  these  prin¬ 
ciples  will,  in  the  experience  of  the  writer,  produce  the  desired 
result  if  it  is  remembered  always  that  it  is  a  building  law  that 
is  being  prepared  and  not  a  specification. 

In  view  of  the  fact  that  it  is  manifestly  inexpedient  to 
attempt  to  include  a  whole  sample  building  law  in  a  discussion 
of  this  character,  the  author  desires  to  have  the  following  con¬ 
clusions  strongly  emphasized : 

First:  That  building  laws  are  a  necessity  of  modern  living 
conditions  and  it  is  the  function  of  government  to  look  out  for 
the  people’s  good  in  all  things. 

Second:  That  building  laws  are  legal,  and  are  based  on  the 
right  of  the  people  to  lay  down  and  enforce  the  principles  under 
which  they  will  live. 

Third:  That  they  ought  to  be  made  to  suit  living  condi¬ 
tions  and  not  to  serve  special  interests,  political,  financial  or 
otherwise. 

Fourth:  That  they  are  not  a  simple  thing  to  make;  that 
their  preparation  should  be  placed  in  the  hands  of  those  who 
have  prepared  themselves  in  the  various  phases  of  the  safe  con¬ 
struction  and  use  of  structures;  that  only  those  who  are  the 
broadest  minded,  best  prepared  and  most  vigorous  in  the  com¬ 
munity  should  be  entrusted  with  their  preparation,  and  that 
they  should  be  paid  properly  for  their  work. 

Fifth :  That  the  laws  when  prepared  should  bear  the  atti¬ 
tude  of  guiding  the  prospective  builder  in  the  direction  of  safe 
construction  rather  than  of  preventing  the  recurrence  of  a 
hetereogeneous  lot  of  unsafe  or  undesirable  conditions. 

Sixth:  That  the  laws  should  be  carefully  arranged  in 
proper  order,  such  order  being  about  that  followed  in  planning 
a  structure,  and  the  information  should  be  carefully  edited, 
properly  indexed  for  ready  reference ,  and  each  division  be  com¬ 
pletely  treated  before  attempting  to  display  the  next  in  order, 
thus  avoiding  the  annoyance  of  vagueness.  That  they  contain 
wise  provisions  in  all  their  portions.  That  uniformity  of  result 
be  the  continual  object  thereof  and  equity  between  all  interested 
parties  be  preserved  as  a  fundamental  principle,  that  the  gov- 
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eminent  provide  a  fair  deal  for  all,  and  last  that  they  provide 
for  the  constantly  progressing  stafe  of  the  science  of  engineer¬ 
ing  and  art  of  construction. 


DISCUSSION 

Mr.  Richard  Hirsch  :*  Have  these  Commissions  done  any¬ 
thing  other  than  to  look  to  the  constructive  safety  and  fire  pro 
tection  of  buildings?  Have  they  looked  to  the  class  of  buildings 
which  may  be  permitted  in  certain  districts  ?  For  instance,  a 
church  organization  might  have  a  very  valuable  property,  with 
no  guaranty  that  there  will  not  be  a  car  barn  put  up  next  dooi. 
Or  there  may  be  a  vacant  lot  across  the  street  from  one’s  home, 
and  the  owner  have  no  guaranty  that  there  will  not  be  a  black¬ 
smith  shop  put  there.  It  seems  to  me  that  regulations  of  that 
sort  should  be  effected  by  ordinance  just  as  much  as  the  width  or 
grade  of  streets.  I  believe  elsewhere,  abroad  particularly,  they 
go  into  those  things.  I  would  like  to  know  to  what  extent  they 
have  done  so  in  this  country. 

The  Author  :  I  do  not  believe  that  this  matter  can  be 
found  in  a  building  law  in  this  country.  Examination  of  many 
proposed  building  laws  shows  the  matter  has  not  yet  reached 
this  stage.  Abroad,  especially  in  Germany  where  the  paternal 
attitude  of  the  government  is  much  more  apparent,  these  things 
are  carefully  considered  and,  judging  from  present  agitation 
I  think  it  will  not  be  long  until  the  governments,  acting  for  the 
welfare  of  the  people  will  study  carefully  the  matter  of  dis¬ 
tricting  cities ;  that  is,  keeping  factories  in  a  certain  neighbor¬ 
hood,  most  suited  to  their  work,  placing  the  workman’s  home 
close  enough  for  convenience  but  far  enough  away  for  other 
considerations  and  making  districts  for  the  various  kinds  of 
houses.  This  is  another  broad  phase  of  the  subject.  It  is  one 
that  will  soon  be  studied.  It  would  tend  to  mitigate  the  evils 

spoken  of. 

Replying  directly,  the  loss  to  an  owner  of  property  'value 
due  to  the  obnoxious  use  to  which  an  adjoining  property  may 
be  put  can  be  considered  to  come  under  the  general  principle 
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that  an  owner  may  use  his  property  as  he  sees  tit  as  long  as 
he  does  not  thereby  injure  his  neighbors’  property. 

Mr.  Edward  Godfrey:  I  would  like  to  ask  Mr.  Ferguson  as 
to  his  interpretation  of  the  Pittsburgh  Building  (’ode  regarding 
girders.  The  code  says  that  girders  shall  be  designed  for  their 
moments  of  inertia.  Does  that  mean  gross  section  or  the  net 
section  of  the  parts?  If  we  take  the  gross  section  of  the  girder 
including  bottom  flanges  and  all  wouldn’t  that  come  under 
tension  members  which  must  be  designed  by  their  net  section? 

The  Author  :  It  would  take  a  very  long  time  to  answer 
this  question.  If  the  questioner  will  come  to  my  office,  1  will 
explain  this  question  in  detail. 

Mr.  \  IRGIL  T).  Allen  :*  Your  speaker  has  well  said  that 
the  question  of  code  writing  is  a  very  important  one.  1  do  not 
believe  there  is  any  problem  before  the  city  governments  now 
that  is  more  important  unless  it  is  the  question  of  finance.  The 
code  is  really  a  four  part  law.  The  first  part  usually  is  the 
consideration  of  strength,  i.  e.  safety  from  the  view  point  of 
structural  provisions.  Second  is  the  fire  hazard.  Third  is  the 
proposition  of  housing.  And  there  is  another  value  to  the 
code  which  is  not  contemplated  in  the  police  power  at  all,  under 
which  codes  are  written,  yet  it  is  a  very  real  value,  and  one 
which  I  think  'code  students  are  beginning  to  appreciate,  and 
that  is  of  setting  a  standard  of  excellency  in  the  code  for  every 
city. 

In  regard  to  the  writing  of  the  various  branches  of  the 
code,  there  is  no  difficulty  at  all  in  writing  the  engineering 
section  if  one  can  keep  the  commercial  interests  away  while 
doing  it.  It  is  all  founded  on  a  fairly  exact  science  at  tin1 
present  time.  We  know  what  steel,  stone  and  concrete  are  good 
for,  and  if  we  give  ourselves  a  fair  working  factor  of  three  or 
four  there  is  no  danger  of  a  structure  failing  on  account  of  bad 
engineering  unless  some  one  wilfully  puts  up  something  different 
from  what  they  started  to  do,  or  overloads  the  structure  after¬ 
wards. 

When  we  get  into  the  subject  of  fire  hazard  we  get  onto 
more  difficult  ground  right  away.  This  is  based  on  a  matter 

“Building  Inspector,  Cleveland.  Ohio. 
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of  judgment  and  personal  experience  largely  and  we  get  opin¬ 
ions  varying  100  or  200  percent. 

When  we  get  into  the  subject  of  housing  we  are  even  fur¬ 
ther  away  from  exact  science.  One  man  may  want  the  sun 
shining  in  his  room  all  the  year  round  and  another  does  not  want 
it  to  shine  in  his  window  at  all. 

This  matter  of  State  Code  writing  is  something  my  face 
is  turned  squarely  against.  The  moment  a  State  Code  is  writ¬ 
ten  we  have  got  to  do  what  the  speaker  of  the  evening  said, 
make  it  so  it  will  bear  uniformly  throughout  the  entire  state. 
In  Ohio  we  have  Cleveland  on  the  shore  of  the  lake,  laid  out 
on  perfectly  level  ground,  sandy  soil,  and  with  a  certain  popu¬ 
lation.  Columbus  is  in  an  entirely  different  situation  and  Cin¬ 
cinnati  is  still  different.  Every  city  has  its  varying  conditions, 
topography,  climate,  population,  habits,  arrangement  of  streets, 
etc.  In  Columbus  the  lots  were  originally  laid  out  62^  ft. 
wide  and  187 >4  ft.  deep.  After  while  they  split  them  up  into 
31 14  ft.  and  then  into  16/8  ft.  lots.  Regulations  that  would 
work  on  a  40  ft.  lot  in  Cleveland  would  be  difficult  to  apply  in 
Columbus. 

A  State  Code  which  must  apply  to  all  the  cities  of  the  state 
is  in  the  first  place  very  difficult  to  write.  It  is  about  all  I  can 
do  to  'write  a  code  for  one  city.  I  do  not  know  how  I  would 
start  to  write  a  code  for  the  entire  state.  A  State  Code  imme¬ 
diately  calls  for  an  organization,  and  then  you  will  have  an 
organization  at  Harrisburg,  that  will  finally  spread  itself  out 
to  control  local  conditions.  That  is  a  political  machine  in  the 
Inst  analysis.  Some  of  us  may  like  that  and  some  may  not, 
I  am  against  it. 

Then  how  about  passing  on  plans  under  a  State  Code! 
Are  we  to  be  compelled  to  spend  money  to  go  to  the  Carutnl 
every  time  an  argument  is  raised  ?  That  would  be  rather  ex¬ 
pensive  and  it  would  require  a  large  organization  to  handle 
the  work.  I  think  it  kills  the  local  initiative  of  cites  to  have 
a  State  Code.  They  begin  to  regulate  the  district  in  different 
sections,  the  residential  district,  the  factory  district,  etc.  You 
can  not  do  that  by  a  State  Code  in  all  the  cities  of  the  state. 
It  would  be  a  physical  impossibility.  The  worst  about  that  is 
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the  difficulty  of  changing.  Cleveland  would  he  absolutely  help¬ 
less  if  we  had  to  go  to  the  legislature  to  have  our  code  changed. 
We  have  had  a  State  Code  foisted  on  us  which  is  a  nuisance 
and  will  be  more  of  a  nuisance  as  time  goes  on.  The  legislature 
meets  once  in  two  years,  and  all  know  what  a  scene  of  log  rolling 
the  legislature  is.  If  a  Building  Commissioner  went  to  the 
Legislature  to  get  a  change  made,  he  would  have  little  chance 
unless  he  had  some  powerful  interest  log  rolling  with  him, 
which  of  course  would  not  be  the  case  if  he  were  trying  to  get 
something  through  for  the  general  good. 

And  last  but  not  least  it  is  absolutely  undemocratic.  I 
believe  in  home  rule  and  I  do  not  believe  in  any  foreign  poten¬ 
tate  ruling.  Neither  do  I  believe  in  any  State  Commission  ruling 
any  city  in  regard  to  its  building  regulations.  Building  regula¬ 
tions,  as  has  been  said,  are  part  of  the  police  power.  Why  not 
have  the  Adjutant  General  of  the  state  run  the  police  force? 
There  is  just  as  much  reason  for  that  as  to  run  the  building 
department.  If  you  think  there  is  no  danger  of  the  state  inject¬ 
ing  itself  into  building  operations  I  will  point  you  to  an  example. 
The  State  Code  of  Ohio  says  in  the  first  section  that  it  shall 
be  the  duty  of  the  state  inspector  of  work  shops  and  factories, 
or  of  the  state  board  of  health,  or  building  commissions,  or 
building  inspectors,  where  they  have  a  building  department,  to 
enforce  the  provisions  of  this  act.  In  another  section  it  says 
that  where  another  device  or  construction  is  proposed  it  shall 
be  submitted  to  the  proper  state  and  municipal  authorities  which 
shall  pass  upon  it.  Now  the  first  section  says  the  commissioners, 
state  inspector  of  work  shops,  or  bureau  of  health,  or  building 
inspector,  whoever  may  be  the  one.  The  state  inspector  of  one 
department  has  written  into  that  department -of  our  code  a 
provision  that  a  certain  part  of  a  building  construction  must 
be  made  of  a  certain  type  and  form  of  material.  I  wish  to 
avoid  mentioning  names.  I  do  not  know  what  he  is  going  to 
do  next.  He  is  bound  to  read  into  that  second  section  that  the 
state  and  local  authorities  must  pass  on  this  question, 
because  he  knows  that  I  am  not  going  to  enforce  that  provision 
which  he  has  read  into  the  act.  That  is  what  you  will  be  up 
against  if  you  have  a  State  Code. 
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I  understand  from  your  speaker  that  you  have  already 
been  delayed  in  some  way  in  the  work  of  writing  your  own  code 
by  virtue  of  some  interference  with  the  state  code.  I  believe 
it  is  possible  to  have  some  things  in  a  state  code,  perhaps  in  the 
form  of  a  general  standardization  of  definitions,  the  meaning 
of  terms,  etc.,  perhaps  you  might  establish  some  minimum  re¬ 
quirements,  the  very  least  that  any  village  or  community  ought 
to  have,  a  minimum  requirement  for  safety,  a  minimum  width 
of  streets  or  something  of  that  sort.  I  am  not  certain  how  far 
it  should  go,  but  not  very  far.  The  argument  over  in  Ohio  is 
that  all  the  people  in  the  country  need  protection.  They  tell 
us  how  many  million  people  in  Ohio  need  protection  The  fact 
is  nobody  needs  any  particular  protection  under  the  police 
power  in  the  form  of  a  building  code  except  people  in  large 
cities.  They  are  not  sincere  in  Columbus  when  they  tell  me  that. 

Mr.  Elliott  told  the  speaker  about  the  earnest  cooperation 
of  the  commission  with  the  Code  Commission  in  Ohio.  Well 
a  committee  of  seven  made  some  objection  because  the  state 
commission  was  going  to  push  a  code  right  through  the  legis¬ 
lature  and  not  let  anybody  know  anything  about  it.  The;v 
sent  out  a  notice  just  a  few  days  beforehand,  not  nearly  long 
enough  to  give  the  matter  any  consideration  at  all.  We  went 
down  to  Columbus  and  it  did  not  go  through  and  it  has  not 

gone  through  yet. 

X  am  not  at  all  familiar  with  your  code  in  Pittsburgh  and 
so  will  not  attempt  to  discuss  it.  I  judge  your  building  de¬ 
partment  is  no  larger  that  it  ought  to  be.  I  know  that  is  true 
of  our  city.  We  can  not  possibly  cover  the  ground.  In  regard 
to  writing  the  code  I  really  think,  and  this  is  based  upon  our 
experience  up  'there,  that  the  building  department  should  do 
most  of  the  code  writing,  because  you  have  presented  to  your 
building  department  every  possible  form  of  objection  that  can 
be  thought  of  in  regard  to  the  code  and  therefore  that  depart¬ 
ment  is  familiar  with  every  point  of  friction. 

Something  was  said  about  the  difficulty  of  a  layman  com¬ 
mittee  working  on  this  subject,  like  a  code  committee  of  the 
council.  They  are  absolutely  incompetent  to  deal  with  this 
code  question.  As  an  illustration  in  point,  we  have  a  tenement 
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house  code  which  was  worked  out  in  two  or  three  years  hv  a 
committee  of  the  Chamber  of  Commerce  with  which  I  cooper¬ 
ated.  It  was  finally  introduced  in  council  and  the  objections 
began  to  come  in  as  soon  as  it  was  published,  and  there  were 
some  features  radical  enough  to  excite  considerable  antagonism. 
The  committee  of  council  spent  a  great  deal  of  time  on  the 
matter  and  did  the  very  best  such  men  could  possibly  do.  I 
do  not  think  any  five  men  could  have  done  better  with  their 
skill  and  training  along  this  subject.  But  after  they  listened 
to  all  of  it  and  sat  down  and  heard  it  all  over  in  an  executive 
session,  they  turned  it  over  to  me  and  said  ‘‘straighten  it  all 
out  and  turn  it  back  to  us”  The  thing  is  on  my  desk  now  for 
final  solution,  if  I  can  work  out  a  final  solution. 

I  started  in  about  two  years  ago  to  rewrite  the  building 
code  of  Cleveland.  We  have  written  about  41  percent.  T  have 
5  percent  more  ready  to  submit  to  council,  and  we  have  pre¬ 
liminary  studies  on  what  would  amount  to  10  or  15  percent 
more.  This  has  been  done  almost  entirely  by  the  speaker  and 
his  assistants.  A\  e  have  had  to  do  it  nights  and  Sundays  and 
at  odd  times  we  could  get  from  the  pressure  of  work.  It  has 
taxed  our  energy  right  up  to  the  limit.  I  got  a  sub-committee 
of  the  Building  Code  Committee  of  the  Engineering  Society, 
the  Chapter  of  Architects  and  the  Builders  Exchange  to  act 
as  a  joint  committee.  They  sat  every  Friday  from  1  :00  to  3  :00 
o’clock  to  get  the  matter  in  the  best  form  for  presentation. 
There  were  anywhere  from  3  to  10  present  and  we  have  had 
some  night  meetings.  Some  sections  of  that  code  have  been 
submitted  to  the  committee  nine  or  ten  times.  After  we  have 
finished  a  section  and  put  it  in  logical  order  it  is  sent  to  council 
for  final  action.  That  committee  has  had  a  great  many  meet¬ 
ings.  The  work  has  been  done  gratuitously.  The  members 
have  worked  very  faithfully  and  intelligently  and  \  for  one 
value  very  highly  the  advice  and  help  I  have  received  from 
these  gentlemen,  and  it  has  been  given  in  the  most  courteous 
and  kindly  spirit.  They  submerged,  as  nearly  as  a  group  of 
men  could,  their  own  individual  and  personal  interests  and 
oftentimes  stood  for  things  they  knew  might  in  some  ways  hurt 
their  personal  interests,  because  they  could  see  the  value  of  it. 
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I  just  want  to  say  one  thing  in  relation  to  this,  that  there 
is  no  better  way  of  making  a  law  than  to  have  the  people  make 
the  law  themselves.  I  believe  in  direct  legislation.  "When  a 
man  is  making  his  own  law  he  is  thinking  about  it,  and  if  he 
makes  it  he  is  more  likely  to  live  under  it  and  be  satisfied  with 
it  than  if  he  has  a  better  law  handed  to  him  by  an  external 
power  of  which  he  knows  nothing.  And  I  want  to  say  that  I 
have  had  scarcely  a  complaint  upon  any  section  that  we  have 
written  in  the  manner  I  have  described. 

Mr.  J.  J.  Shuman  :*  I  have  little  to  say  except  to  express 
my  gratification  at  what  I  have  heard  here  tonight.  I  am  with 
one  of  the  large  steel  companies,  my  work  being  largely  in  the 
study  of  specifications,  and  recently  have  had  to  look  over  quite 
a  number  of  specifications  in  state  and  city  codes.  The  steel 
companies  are  viewing  with  some  little  concern  the  spread  of 
this  code  idea,  not  because  a  code  is  not  a  good  thing,  but  be¬ 
cause  the  writing  of  codes  has  apparently  been  influenced  m 
some  cases  by  agencies  over  which  those  nearest  in  interest  have. 

had  no  control. 

The  feature  of  state  codes,  and  in  less  degree  of  city  laws, 
which  gives  manufacturers  some  concern,  is  the  difficulty  in 
obtaining  revisions  when  undesirable  clauses  are  discovered. 
Once  made  into  law  such  specifications  are  almost  unchange¬ 
able. 

The  thought  I  wish  'to  express  particularly  is  that  if  any 
of  you  gentlemen  are  entering  on  the  writing  of  codes  do  make 
them  as  general  and  as  simple  as  you  possibly  can.  Do  not  run 
in  a  lot  of  details  that  would  look,  even  if  it  is  not  actually  so, 
as  if  they  were  put  in  in  the  interest  of  some  patented  or  pro¬ 
prietary  article. 

Tf  you  look  at  this  whole  thing  more  broadly  you  will  see 
just  what  this  idea  of  state  codes  means.  This  country  is  under¬ 
going  at  the  present  time  an  activity  that  seems  to  point  to¬ 
wards  the  centralization  of  government,  and  we  are  not  going 
to  end  with  state  supervision  of  details  that  should  be  taken 
care  of  locally,  but  gradually  if  the  present  trend  persists  we 
shall  have  every  activity  centered  at  Washington,  the  very  worst 
thing  that  could  happen  to  us.  I  am  certainly  with  our  friend 

•  inspection  Engineer,  Jones  &  Laughlin  Steel  Co.,  Pittsburgh. 
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from  Cleveland  who  speaks  for  self-government.  We  don’t 
need  this  state  interference,  we  don’t  need  this  national  inter¬ 
ference;  we  are  capable  in  each  of  our  great  centers  of  taking 
care  of  our  own  details  and  we  want  to  be  permitted  to  do  it. 

Mr.  C.  G.  Dunnels  :  In  reading  over  this  very  opportune 
paper,  I  was  impressed  by  the  vast  difference  between  the  con¬ 
dition  of  affairs  as  they  now  exist  in  the  city  of  Pittsburgh 
and  the  ideal  conditions  as  suggested  by  the  writer.  With  the 
exception  of  the  ordinances  prepared  by  the  recent  Building 
Commission,  the  building  laws  of  this  city  are  about  as  intelli¬ 
gible  as  if  written  in  the  hieroglyphics  of  Egypt.  It  is  almost 
impossible  to  find  out  what  is  permitted  and  what  is  prohibited 
without  making  a  personal  visit  to  the  Superintendent  of  the 
Bureau  of  Building  Inspection,  for,  practically,  the  Building 
Law  of  this  city  is  a  summary  of  decisions  made  by  the  Super¬ 
intendent. 

It  certainly  would  do  away  with  considerable  adverse  criti¬ 
cism  if  the  building  laws  were  put  into  such  shape  that  there 
could  be  no  unintentional  or  intentional  misunderstanding  of 
the  provisions  of  the  law.  It  has  seemed  amazing  that  a  so- 
called  business  administration  ’  ’  could  be  so  short-sighted  as 
to  fail  to  see  the  value  of  the  work  done  by  the  recent  Building 
Commission. 

I  know  that  the  Bureau  of  Building  Inspection  would  wrel- 
come  ordinances  so  worded  that  their  meaning  would  be  plain, 
thus  relieving  the  Bureau  of  the  responsibility  of  constantly 
making  decisions  which  may  seem  fair  or  otherwise. 

The  suggestion  of  a  permanant  Board  of  Appeals  is  a 
very  good  one  and  one  which  should  be  adopted  by  this  city 
whether  or  not  our  building  laws  are  ever  made  modern.  This 
Board  could  act  as  a  Commission  to  which  could  be  presented 
suggestions  for  revisions  that  might  arise  from  time  to  time. 

Slowly  we  are  coming  to  realize  that  the  German  idea  that 
the  rights  of  the  community  are  more  important  than  the  rights 
of  any  individual,  that  liberty  does  not  mean  license.  The 
question  of  building  laws  affects  every  inhabitant  of  our  city, 
for  we  must  all  have  our  homes  in  buildings  and  the  majority 
of  us  work  in  buildings.  We  must  protect  ourselves  and  fami- 
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lies  from  the  fool  or  knave  who  erects  a  fire  trap  or  an  unsafe 
structure.  Strange  as  it  may  seem  a  great  number  of  our 
poorly  constructed  buildings  are  owned  by  wealthy  estates  and 
individuals.  When  they  build,  their  constant  instructions  to 
their  architects  are  to  plan  the  construction  so  that  it  will  just 
come  within  the  law. 

It  is  sincerely  to  he  hoped  that  at  no  distant  time  a  new 
commission  will  be  created  which  will  finish  the  work  so  well 
begun  by  the  Building  Commission,  which  lately  went  out  of 

existence. 

Mr.  Edward  Godfrey:*  The  prime  object  of  a  building 
code  is  to  insure  the  building  of  safe  structures  to  the  end  that 
life  and  property  be  conserved.  The  idea  in  writing  a  building- 
code  frequently  seems  to  he  that  of  letting  in  the  particulai 
system  of  design  controlled  by  one  interest,  and  keeping  the 
other  fellows  out.  In  New  York,  for  example,  they  tried  to 
eliminate  reinforced  concrete  by  the  foolish  requirement  that 
slabs  be  %  in.  deep  for  every  foot  of  span.  Imagine  an  office 
building  with  12  ft.  spans  9  in.  deep.  Such  absurd  require¬ 
ments  have  no  place  in  a  building  code.  They  do  not  make  for 
safety  nor  economy.  They  have  absolutely  no  purpose  but  to 
give  a  monopoly  to  some  other  kind  of  construction  than  rein¬ 
forced  concrete. 

When  the  Pittsburgh  Building  Code  w~as  being  prepared  a 
great  hue  and  cry  went  up  from  the  cement  interests  because 
of  the  wording  of  the  definition  of  Portland  cement.  And  now 
the  definition  reads  “and  to  which  no  addition  greater  than  3 
percent  has  been  made  subsequent  to  calcination".  If  it  should 
develop  that  a  material  superior  to  Portland  cement,  as  defined 
by  this  code,  can  be  produced  by  adding  sand  or  other  inert 
substance  and  re-grinding,  an  owner  is  estopped  from  using 

this  superior  material  by  this  definition. 

Sometimes  there  are  obscure  requirements  written  into 
building  codes  that  seem  to  be  harmless  or  even  beneficial,  but 
whose  object  cannot  be  doubted  when  once  their  meaning  and 

source  are  pointed  out. 

Tn  the  Pittsburgh  Building  Code  it  is  required  that  built-up 
members  used  as  girders  shall  be  proportioned  by  their  moments 

•Structural  Engineer,  Robert  W.  Hunt  &  Co.,  Pittsburgh. 
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of  inertia.  This  looks  innocent  enough.  The  specious  plea  is 
made  that  the  moment  of  inertia  is  the  proper  function  to  use 
in  designing  a  plate  girder.  The  absolute  fact  is  that  it  does 
not  make  any  difference  worth  considering  whether  the  effect¬ 
ive  depth  and  flange  area  be  used  or  the  true  moment  of  inertia. 
But  the  crux  of  the  matter  lies  in  the  interpretation  of  the 
term  “moment  of  inertia”.  By  the  method  of  design  using 
the  effective  depth  and  the  flange  area  the  net  area  of  the  parts 
is  always  used.  This  is  the  only  correct  way;  no  engineer 
would  think  of  using  any  other.  It  makes  the  top  flange  unit 
stress  less  than  the  bottom  flange  stress,  as  it  should  be.  By 
using  the  moment  of  inertia  an  engineer  would  also  use  the  net 
section  of  the  parts.  lie  could  not  possibly  be  right  any  other 
wav;  his  unit  stress  could  not  possibly  be  that  which  the  ordi- 
nance  demands,  if  he  took  the  gross  section.  A  commercial 
designer,  however,  is  very  apt  to  follow  the  lead  of  the  makers 
of  manufacturers' ’  handbooks,  from  which  this  code  is  largely 
taken,  and  use  the  gross  section. 

The  commercial  designer  can  point  to  the  manufacturers' 
handbooks  and  make  the  claim  that  these  illustrate  standard 
practice,  but  he  can  not  show  by  any  system  of  reasoning  that 
the  unit  stresses  of  the  code  are  not  exceeded. 

The  Industrial  Commission  of  the  State  of  Wisconsin  is 
working  on  a  building  code.  They  invited  criticisms.  The 
writer  sent  some.  He  recommended  among  other  things,  that 
moments  on  slabs  and  beams  be  straightly  defined,  that  the 
rodded  column  be  prohibited,  and  that  dependence  upon  stir¬ 
rups  be  forbidden.  They  answered  that  they  want  the  code  as 
brief  as  possible.  Safe  structural  design  they  consider  as  sub¬ 
ordinate.  Not  long  ago  200  men  just  missed  being  killed  in 
New  York  by  the  collapse  of  a  theater  that  occurred  just  after 
they  had  left. 

It  is  true  that  a  building  code  cannot  enter  into  every  de¬ 
tail  of  structural  design.  It  can,  however,  cover  the  broad 
principles  of  safe  construction.  The  State  cannot  eliminate 
by  law  everything  that  has  the  element  of  danger  in  it.  It  can, 
however,  prohibit  the  promiscuous  use  of  firearms  and  explo¬ 
sives.  A  building  code  can  prohibit  the  use  of  a  plain  concrete4 
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column  with  a  little  rod  in  each  corner,  the  thing  that  mas¬ 
querades  as  reinforced  concrete  and  has  been  the  cause  of  more 
wrecks  than  would  be  produced  by  tons  of  dynamite.  It  could 
prohibit  dependence  on  stirrups  or  so-called  shear  members, 
that  have  been  second  to  the  rodded  column  in  breeding  wrecks. 

The  Pittsburgh  code  allows  the  rodded  column.  It  allows 
90  lb.  per  sq.  in.  of  shear  on  concrete  beams,  which  is  worse 
than  stirrups. 

According  to  a  Chicago  engineer  we  have  the  worst  build¬ 
ing  code  in  existence,  as  relates  to  concrete  columns ;  units  from 
1300  to  1800  lb.  per  sq.  in.  being  allowed,  which  is  just  about 
the  ultimate  strength  of  our  local  concrete,  as  discovered  by 
the  Code  Commission.  From  the  results  of  the  latest  tests  I 
showed  recently  (before  the  Am.  Soc.  C.  E.)  that  plain  and 
reinforced  concrete  columns  all  begin  to  fail  at  exactly  the  same 
unit  stress.  The  hooped  column  holds  together  longer,  that’s 
all.  Pittsburgh’s  building  code  allows  reinforced  concrete  col¬ 
umns  to  be  loaded  to  the  point  of  incipient  failure.  This  is 
the  “safe”  load. 

The  only  thing  that  is  any  worse  is  the  Joint  Committee 
Report  with  their  plain  concrete  columns  and  rodded  columns 
with  the  rods  held  in  with  broom  wire. 

A  good  thing  to  write  into  a  building  code  would  be  a 
requirement  that  curved  girders  must  not  support  any  load 
whatever.  I  recently  checked  a  building  where  curved  girders 
were  expected  to  carry  heavy  loads ;  girders  that  could  scarcely 
support  their  own  dead  weight.  The  Orpheum  Theatre  in  New 
York  had  a  great  curved  girder,  70  ft.  in  span,  and  with  an 
offset  of  12  ft.  The  thing  flopped  down  and  pulled  the  theater 
with  it.  And  yet  a  large  number  of  experts  could  examine  that 
design  with  a  straight  face  and  never  see  the  monstrosity  of  a 
girder  that  pulled  it  down. 

Mr.  Sidney  J.  Williams:*  The  proposition  that  state  laws 
should  be  broad  and  capable  of  general  application,  leaving 
details  and  specific  regulations  to  local  authorities  as  much  as 
possible,  can  hardly  be  controverted.  This  is  true  for  two 
reasons.  First,  as  Mr.  Ferguson  says,  the  state  cannot  properly 

•Building  Inspector,  Industrial  Commission  of  Wisconsin,  Madison,  \\  is. 
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legislate  on  local  matters.  Second,  state  legislation  on  so  broad 
a  subject  as  the  design  and  construction  of  buildings,  cannot 
auccessfully  be  enforced  except  with  the  cooperation  of  local 
officials.  Without  such  cooperation,  the  adequate  enforcement 
of  state  building  laws  would  require  an  army  of  state  inspectors 
which  would  be  obnoxious  as  well  as  very  expensive  Now,  to 
secure  the  cooperation  of  fire  chiefs  and  other  local  officials 
who  are  not  building  experts,  especially  in  the  smaller  cities 
and  villages,  the  State  Code  must  be  broad,,  easily  intelligible, 
and  concise.  Let  me  emphasize  this  statement.  The  State  Code 
should  be  easily  intelligible — that  is,  written  in  simple,  “barn¬ 
yard  English”,  without  any  great  amount  of  technical  detail; 
and  it  should  be  brief — that  is,  it  should  be  confined  to  the 
essential  matters  of  fire  protection,  sanitation  and  structural 
safety,  rigidly  excluding  all  non-essentials.  By  “non-essen¬ 
tials”  I  mean  questions  which  do  not  arise  in  the  smaller  towns 
anyway  and  which  in  larger  cities  can  be  covered  by  the  local 
code  or  left  to  the  judgment  of  the  fire  chief  or  local  inspector. 
Under  “non-essentials”  I  also  include  the  minute  subdivision 
of  classifications  of  occupancy  and  construction  whose  theo¬ 
retical  accuracy  is  overshadowed  by  the  very  considerable  studv 
which  they  require  in  order  to  be  properly  understood  and 
applied. 

Let  this  not  be  construed  as  a  defense  of  superficiality,  but 
simply  as  an  argument  for  the  proper  consideration  of  the 
actual  practical  problems  of  enforcement,  which,  considered 
from  the  standpoint  of  getting  results ,  are  quite  as  important 
as  the  problem  of  drafting  an  ideally  perfect  piece  of  technical 
literature. 

The  point  which  I  am  trying  to  make  is  also  demonstrated 
by  the  fact,  well-known  to  common  sense  as  well  as  to  psychol¬ 
ogy >  that  the  best  way  to  interest  a  man  in  anything,  is  to  give 
him  something  to  do.  The  best  way  to  interest  local  officials 
in  the  subject  of  building  regulations,  is  to  leave  to  them  the 
task  of  working  out  detailed  local  ordinances  to  supplement  the 
State  code. 

In  Wisconsin  the  problem  of  working  out  a  State  Code 
which  will  be  broad  and  brief  without  being  superficial,  is  con- 
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siderably  simplified.  rl'his  Code  (six  copies  of  the  tentative 
draft  of  which  are  sent  you  under  separate  cover)  will  he  > 
adopted,  not  by  the  legislature,  but  by  the  Industrial  Com¬ 
mission,  under  the  statute  which  provides  that  all  public  build¬ 
ings  and  places  of  employment  must  be  made  reasonably  safe. 
Since  the  Code  is  thus  an  instrument  of  the  Commission,  it 
can  be  altered  or  interpreted  or  special  exceptions  made,  by  the 
Commission  at  any  time.  As  the  Industrial  Commission  is  not 
composed  of  architects  or  engineers,  it  will  refer  all  technical 
questions  to  the  committee  of  architects  which  drafted  the 
Code  and  which  will  thus  exercise  the  functions  of  Mr.  Fergu¬ 
son’s  Board  of  Appeal. 

Though  the  powers  of  the  Industrial  Commission  are  thus 
very  broad,  they  are  at  the  same  time  strictly  limited  by  the 
fact  that  any  order  of  the  Commission  may  be  taken  into  the 
courts  on  the  ground  of  unreasonableness. 

Mr.  Virgil  G.  Marint  :*  I  have  read  with  much  interest 
Mr.  Ferguson's  paper  and  find  his  ideas  on  this  subject  afford 
material  for  very  careful  thought  and  discussion.  The  subject 
from  all  points,  has  been  so  well  covered  that  I  will  confine 
myself  to  ideas  which  may  be  considered  when  reading  this 

paper. 

Taking  Mr.  Ferguson’s  suggested  personnel  of  a  proper 
Commission,  which  in  my  opinion  is  ideal,  such  Commission 

should  start  its  operations  by  deciding: 

First :  Whether  it  is  going  to  write  a  set  of  Building  Speci¬ 
fications  into  law,  or 

Second:  Whether  it  is  going  to  control  by  legal  measures 
only  such  features  of  building  construction  as  will  ensure  for 
the  occupants  sufficient  safety,  light,  ventilation,  and  sanita¬ 
tion. 

The  weakness  of  most  building  regulations  is  that  they 
broaden  into  unnecessary  specifications,  and  become  so  exhaust¬ 
ive  and  unwieldy,  that  under  the  most  favorable  conditions, 
with  the  most  generous  appropriation,  the  average  Building 
Department  can  only  hope  to  enforce  about  one-third  of  the 
provisions  of  its  Code,  and  has  no  means  of  knowing  whether 
the  remaining  two-thirds  is  being  complied  with,  and  if  so,  how. 

‘Consulting  Engineer.  Cleveland,  Ohio. 
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This  evil  is  more  pronounced  when  one  considers  t he  re¬ 
peated  changes  of  Building  Inspectors,  due  to  politics,  because 
a  new  incumbent  in  office  certainly  cannot  enforce  or  control 
any  more  of  the  Building  (’ode  than  his  predecessor  with  greater 
experience,  but  the  portions  of  the  code  the  new  appointee  seeks 
to  enforce  are  often  sections  never  enforced  by  his  predecessor, 
and  sometimes  the  existence  of  these  sections,  because  they  have 
not  heretofore  been  enforced,  is  totally  unknown  to  the  archi¬ 
tect  or  engineer. 

I  succeeded,  as  Building  Commissioner  of  Cleveland,  an 
appointee  who  held  the  office  for  nearly  six  years. 

The  Building  Code  contained  about  1100  sections  and  from 
the  year  1904  when  it  became  law,  to  t lie  time  L  took  office. 
1910.  very  few  amendments  had  been  made  for  the  following 
reasons : 

First :  Because  no  serious  attempt  has  ever  been  made  to 
enforce  all  these  provisions. 

Second :  Because  no  effort  was  made  to  obtain  sufficient 
funds  for  a  large  enough  and  proper  department,  those  in  charge 
rather  nourishing  the  protection  they  secured  by  being  able  to 
say  “I  am  enforcing  as  many  of  the  building  laws  as  I  can 
with  the  staff  at  my  command  ’. 

Laws  enacted  and  not  enforced  are  worse  than  no  law  at 
all.  for  (especially  in  building  laws)  lack  of  enforcement 
teaches  lack  of  respect,  and  no  law  is  easier  to  violate  than  one 
relating  to  building,  since  no  law  or  set  of  laws  can  ever  hope 
to  regulate  the  many  possible  conditions  in  cases  arising.  Viola¬ 
tions  of  building  laws  need  not  be  criminal,  and  in  many  cases 
are  not,  since  such  violations  may  constitute  another  means  of 
arriving  at  the  sajne  end. 

I  had  many  sections  of  the  code  amended  and  had  more 
repealed,  and  while  1  am  heartily  in  sympathy  with  Mr.  Allen’s 
earnest  efforts  to  continue  this  work,  T  still  fear  that  finally 
Cleveland  will  still  have  too  large  and  specific  a  code,  not  all  of 
it  enforcible  with  the  best  possible  staff,  and  worse  still,  the 
portions  enforced  by  future  Inspectors  (which  is  likely,  as  long 
as  politics  control  our  civic  pride)  will  possibly  not  agree  with 
what  had  been  enforced,  so  that,  as  in  my  time,  the  unsuspect- 
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ing  architect  will  suppose  that  each  new  administration  writes 
its  own  Building  Code. 

Reference  has  been  made  to  the  New  \  ork  City  Building 
Code.  In  April,  1912,  a  “Proposed  Building  Code  for  the  City 
of  New  York”  was  prepared  by  a  “Joint  Committee  on  City 

Departments.” 

This  Committee  consisted'  of  representation  from  the  fol¬ 
lowing  organizations : 

The  New  York  Chapter,  American  Institute  of  Architects, 

The  Brooklyn  Chapter,  American  Institute  of  Architects, 

The  New  York  Society  of  Architects, 

The  Building  Trades  Employers’  Association, 

The  New  York  &  National  Board  of  Fire  Underwriters,  . 

The  American  Institute  of  Consulting  Engineers, 
and  the  seven  Superintendents  of  Buildings. 

In  all  thirty-three  men  of  national  fame  in  their  respective 
professions  drew  up  a  set  of  building  regulations  for  the  City 
of  New  York  of  just  140  sections  or  less  than  one-sixth  the  size 
of  the  present  Cleveland  code.  Materials  not  mentioned  or 
covered  could  be  used  if  they  passed  certain  tests  which  were 
clearly  defined,  and  this  also  applied  to  new  forms  of  con¬ 
struction. 

The  reason  for  the  failure  of  the  passage  of  this  excellent 
code  was  due  to  just  one  thing,  ‘  politics.  It  was  put  in  the 
hands  of  an  Aldermanic  Committee,  and  this  committee  died 
a  political  death  before  it  could  undo  the  excellent  work  of  the 
New  York  architects,  engineers,  etc.,  and  Mr.  Rudolph  P.  Miller, 
who  has  temporarily  resigned  as  Superintendent  of  Buildings, 
Manhattan,  for  the  next  three  months  will  devote  his  time  to 
re-compiling  and  completing  this  work. 

The  writer  was  a  member  of  a  committee  of  six  at  the 
National  Fire  Prevention  Convention  which  drew  a  resolution 
to  the  effect  that  the  words  “Fireproof”  and  “Incombustible” 
be  omitted  in  the  future  from  the  vocabulary  of  Building 
Codes  and  the  words  “Fire  Resistive”  used  instead. 

This  resolution  was  unanimously  adopted  and  led  to  the 
enactment  of  the  proposed  “Standards  in  Fire  Resistance”  by 
the  Executive  Committee  of  the  Gypsum  Industries  Associa- 
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tion,  composed  of  active  members  of  the  National  Fire  Protection 
Association. 

I  am  glad  Mr.  Ferguson  has  referred  to  these  Standards 
in  his  Tables  Nos.  1,  2  and  3,  because  I  feel  this  is  the  only 
scientific  and  fair  method  of  approving  or  rejecting  any  build¬ 
ing  material  when  such  materials  are  used  to  protect  a  build- 

against  fire.  Building  Codes  should  avoid  mentioning 
specific  materials  and  methods. 

The  Standard  Tables,  to  which  Mr.  Ferguson  refers,  are 
to  be  desired  for  the  following  reasons : 

First:  They  place  each  and  every  material  on  test  and 
merit  for  whatever  purpose  or  place  such  material  is  to  be  used. 

Second:  The  fire  protection  of  buildings,  now  not  fire  pro¬ 
tected,  is  encouraged  by  gradation  according  to  requirements 
into  three  classes  of  protection,  “Full,”  “Partial,”  and  “Tem¬ 
porary.” 

Third :  Such  tables  can  be  expanded  or  reduced  according 
to  the  requirements  of  the  state  or  city. 

To  view  the  writing  of  building  laws  from  another  extreme, 
brevity  could  be  secured  by  stating  about  as  follows: 

All  materials  entering  into  construction  for  their  various 
uses,  shall  comply  with  the  requirements  of  the  American  So¬ 
ciety  for  Testing  Materials,  etc.,  of  a  certain  date. 

Iso  materials  shall  be  used  in  fully  protected,  fire  resistive 
buildings  which  has  not  the  approval  of  the  National  Board 
of  Fire  Underwriters,  or  the  U.  S.  Bureau  of  Standards,  for 
such  purposes. 

Steel  work  and  steel  construction  shall  .comply  with  modern 
engineering  practice  and  the  standards  of  the  American  Bridge 
Co.  as  set  forth  in  their  book  of  a  certain  date,  etc. 

Of  course  the  legality  of  such  wording  may  be  questioned, 
and  I  have  used  perhaps  an  extreme  illustration  of  simplicity 
in  building  code  writing,  but  from  my  experience  in  eases  which 
found  their  way  to  the  courts,  often  the  actual  provisions  of  the 
code,  right  or  wrong,  were  forgotten  and  the  court  and  jury 
confined  themselves  and  decided  the  case  on  the  testimony  of 
experts  who  based  their  views  on  modern  engineering  customs 
or  practice. 
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So  the  following  procedure  might  be  suggested: 

First:  Make  your  legislative  requirements,  drawings,  stress 

sheets  and  diagrams  to  be  submitted  as  severe  as  possible,  because  the 
incompetent  architect  or  engineer  cannot  supply  proper  stress  sheets, 

etc.,  without  proper  help. 

Second:  Have  full  and  complete  definitions. 

Third :  Classify  and  grade  all  kinds  of  buildings. 

Fourth:  Control  the  use  and  occupance  of  such  buildings  for 

various  purposes. 

Fifth :  Provide  regulations  for  occupance  of  lot. 

Height  of  Building, 

Area  of  undivided  spaces. 

Light  and  ventilation, 

Ingress  and  Egress  (Stairs,  etc.), 

Sanitation. 

Sixth:  Define  loading  on  soils. 

Give  maximum  stresses  of  various  natures  allowable  on  all  the 
metals,  also  on  various  timbers,  stones,  concretes,  etc.,  etc. 

Seventh :  Regulate  Elevators,  Gas,  Electric  Wiring,  Boilers, 

vp  o  ppc  pf/1 

Eighth:  'Define  the  “Inner”  and  “Outer”  fire  limits. 

Ninth :  Control  the  area,  height,  etc.,  of  the  following  classes  of 

buildings  within  such  fire  limits. 

Fully  Protected  Buildings  (Fireproof,  so-called). 

Partially  Protected  Buildings  (Composite,  so-called). 
Temporarily  Protected  Buildings  (Composite,  so-called). 
Combustible  Buildings  (Frame  structiues). 

With  reference  to  a  “Board  of  Appeals  too  much  stress 
cannot  be  laid  on  the  importance  of  this  Board  since  all  appeals 
cover  questions  not  covered  by  the  building  regulations,  the 
use  of  new  materials,  and  a  difference  of  opinion  upon  the 
judgment  or  ruling  of  the  Building  Commissioner. 

The  membership  of  the  Board  in  the  State  of  Ohio  and 
the  Cleveland  Building  Codes  is  composed  of  members  of  the 
Cabinet,  usually  of  the  same  political  faith  as  the  Building 
Commissioner,  and  if  not,  then  affiliated  and  in  sympathy  with 
the  Building  Commissioner  by  virtue  of  holding  office  under 
the  same  government. 

This  should  not  be  the  case.  I  have  remonstrated  and  ad- 
.  vised,  so  far  in  vain,  that  all  Board  of  Appeals  should  be  com¬ 
posed  of  experts  in  the  necessary  professions,  appointed  by  the 
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Architects,  Engineers,  Builders  Exchange,  and  such  associa¬ 
tions  that  are  free  from  politics. 

The  expense  of  such  services  could  he  met  by  proper  ap¬ 
propriation,  or  by  a  fee  for  each  case  which  would  be  paid  by 
the  party  losing  same. 

In  a  paper  read  before  the  Cleveland  Engineering  Society 
on  November,  1912,  1  showed  that  the  Cleveland  code  was  in¬ 
operative  and  unenforcible  in  about  60  percent  of  its  provisions 
because  it  was  a  conglomeration  of  laws,  ordinances  and  speci¬ 
fications,  too  voluminous  and  ambiguous  in  many  of  its  1100 
sections,  and  positively  contradictory  in  about  one-third  of 
these.* 

The  Ohio  State  Building  Code,  following  the  lines  of  the 
Cleveland  Code,  is  entering  upon  the  same  error,  viz.,  writing 
a  specification  rather  than  a  legal  building  condition. 


In  December  1911  issue  of  the  “Ohio  Architect”,  under 
the  title,  “An  Un-enforcible  Code",  the  writer  endeavors  to 
show  that  the  requirements  of  the  State  Code  were  impossible 
of  enforcement,  for  the  State  will  never  have  the  funds  to  create 
an  inspection  department  of  sufficient  size  to  carry  to  completion 
the  requirements  of  a  State  Law  on  Buildings  which  in  truth 
is  a  specification  and  text  book. 


The  Illinois  State  Building  Code  is  a  leader  in  sensible 
requirements  and  legal  brevity,  and  when  1  asked  a  member 
of  the  Commission  how  they  confined  themselves  to  such  con¬ 
cise  brevity  when  elsewhere  “quantity  and  not  quality ”  seemed 
to  be  the  slogan,  he  replied  “Well  you  see  we  license  all  our 
Architects  and  Engineers  in  this  State.”  In  writing  Building 
Laws  we  attempt,  to  too  great  an  extent,  to  educate  and  advise 
the  incompetent  architect  and  engineer. 

A  building  law  instead  of  being  concise  and  to  the  point, 
becomes  a  specification  with  explanations,  reasons,  etc.,  and  so 
often  loses  its  force  when  tested  in  a  court  proceeding.  A 
building  law  should  only  attempt  to  govern  and  control  the 
vital  principles  I  have  covered,  seeking  to  protect  life  and 
health,  this  being  done  the  real  protection  lies  in  tin*  State 
assuring  itself  that  only  competent  professional  men  engage  in 
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the  design  and  erection  of  structures,  and  this  can  be  done,  aa 
in  the  State  of  Illinois,  by  license  to  practice. 

Secure  brevity  in  Building  Laws,  eliminate  building  de 
partments  from  political  appointments  or  changes,  create  out¬ 
side  and  non-political  Appeal  Boards,  license  architects  and 
contractors,  and  remember  that  a  brief  building  code  covering 
vital  features  of  safety  and  sanitation,  all  enforced  to  every  one 
alike,  all  of  the  time,  is  far  better  than  an  unwielding  docu¬ 
ment  of  laws  and  specifications,  only  part  of  which  can  be  en¬ 
forced,  such  portion  changing  at  the  will  of  the  Building  Com¬ 
missioner,  depending  on  his  feelings  political  or  otherwise. 

Mr.  Richard  E.  Schmidt:*  I  agree  with  Mr.  Ferguson 
that  one  of  the  most  important  requisites  of  a  satisfactory  code 
is  that  the  Architect,  Engineer,  Contractor  or  owner  shall  be 
placed  in  possession  of  all  necessary  information,  to  enable  him 
to  build  without  official  interference.  He  has  also  stated  that 
it  should  not  be  so  definite  as  to  be  like  a  specification,  but  that 
it  should  be  elastic.  If  it  is  not  definite  much  time  will  be 
consumed  in  obtaining  decisions  and  a  great  variety  of  de¬ 
cisions  are  likely  to  be  rendered,  so  that  we  will  eventually  have 
the  same  state  of  conditions  as  exist  today ;  that  is,  that  ma¬ 
terials  are  accredited  with  greatly  varying  safe  stresses  in  dif¬ 
ferent  cities  of  the  same  state. 

I  am  of  the  belief  that  it  is  necessary  to  draw  an  ordinance 
quite  definitely  almost  in. the  manner  of  a  specification,  so  that, 
at  least  the  cities  of  one  state  will  conform  to  the  same  law. 

The  requirements  of  existing  building  .laws  in  different 
cities  vary  greatly,  many  of  them  must  be  illogical  or  based  on 
fallacies,  the  required  minimum  live  loads  in  pounds  per  square 
foot  is  125  for  an  assembly  hall  in  Boston,  and  90  in  New  York; 
70  for  dwellings  in  Philadelphia,  40  in  Cleveland  and  so  on 
through  the  entire  list  of  buildings.  Safe  unit  stresses  vary 
in  the  same  proportion  in  different  cities  and  accidents  do  not 
appear  to  have  resulted  from  the  use  of  low  unit  loads  or  high 
unit  stresses,  but  they  have  been  due  to  defective  workmanship 
or  faulty  design. 

Unnecessarily  high  floor  load  requirements  and  low  unit 

•Architect,  104  S.  Michigan  Ave.,  Chicago. 


DISCUSSION — WRITING  BUILDING  LAWS 


185 


stresses  are  wasteful  of  material,  not  in  accordance  with  the 
general  desire  for  conservation  of  our  resources  and  one  of  the 
causes  of  the  high  cost  of  living. 

Building  of  like  occupancy  both  in  character  and  extent 
contain  within  themselves  the  same  elements  of  danger  to  the 
occupants,  regardless  of  location,  whether  in  one  community  or 
another,  and  should  therefore  be  subject  to  like  codes  or  at  least 
the  same  basic  code. 

The  manufacturer  who  is  obliged  to  spend  more  money 
in  the  construction  of  his  building  than  his  competitor  else¬ 
where,  on  account  of  a  more  exacting  code,  is  naturally  at  a 
disadvantage  and  is  subjected  to  unequal  competition. 

The  broadening  of  a  definite  detailed  ordinance  can  still 
be  left  to  the  work  of  a  permanent  commission,  who,  in  turn, 
must  make  their  recommendations  to  the  governing  authorities 
of  the  city. 

I  cannot  concur  in  the  representation  on  the  commission 
recommended  by  Mr.  Ferguson.  I  base  my  view  on  my  ex¬ 
perience  as  a  member  of  two  commissions  and  the  chairman 
of  a  third. 

Four  or  five  of  the  representatives  recommended  by  Mr. 
Ferguson  must  be  classed  as  laymen,  real  estate  dealers,  phv- 
sicians  and  contractors  may  be  big  hearted  and  broad  minded 
but  they  lack  the  experience  and  training  necessary  to  grasp 
and  coordinate  all  of  the  elements  which  must  and  do  require 
consideration  in  the  drafting  of  a  building  law;  it  is  technical 
work  and  can  be  properly  consummated  only  by  technical  men. 

I  agree  most  earnestly  with  Mr.  Blackall’s  advice  to  your 
Mr.  Stotz.  It  will  be  difficult  enough  and  real  estate  interests, 
medical  societies  and  builders  associations  should  be  asked  to 
review  and  criticise  a  tentative  draft  before  a  final  draft  is 
delivered  to  the  legislature  or  board  of  aldermen. 

Two  architects  on  a  commission  of  eight  members  is  too 
small  a  proportion.  It  should  have  more  architects  and  struc¬ 
tural  engineers,  in  order  that  the  weight  of  technical  opinion 
will  be  on  the  side  of  the  building  experts. 

The  reason  for  this  contention  lies  in  the  fact  that  the  pro¬ 
fession  of  architecture  is  the  only  profession  that  is  compre- 
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hensive  in  the  scope  of  its  work,  to  require  a  thorough  working 
knowledge,  perhaps  only  though  of  a  general  nature  in  some 
cases,  of  all  the  subjects  covered  by  a  building  code. 

In  my  experience  on  commissions  I  have  found  but  very 
few  men  who  have  constructive  ideas  for  ordinances,  or  the 
willingness  or  ability  to  place  ideas  into  tangible  paragraphs, 
and  too  much  time  is  consumed  if  the  attempt  is  made  to  teae  1 
a  lawyer  to  understand  all  of  the  technical  phases  of  a  subject 
under  discussion.  Of  all  the  men  suggested  by  Mr.  Ferguson, 
this  work  will  devolve  on  the  Architects  and  the  Structural 
Engineers  and  when  each  is  in  his  own  little  study,  not  in  com¬ 
mittee  meeting.  The  remaining  members  of  commissions  give 
the  matter  little  thought  between  meetings  and  criticise  and 
destroy  the  work  of  the  working  members.  They  undoubtedly 
render  a  service  in  finding  flaws  but  it  is  unfair  to  the  other 
members  to  virtually  force  them  to  perform  all  of  the  work  or 
to  see  it  suffer  in  quality  or  by  delay  if  they  do  not  do  it. 

At  the  outset  a  working  agreement  should  be  adopted  1o 

carry  on  the  work  somewhat  as  follows : 

After  a  general  discussion,  exchange  of  views  and  an  agree- 
ment  on  the  essence  of  a  particular  subject,  a  small  portion  of 
work  should  be  allotted  to  each  member  at  the  close  of  each 
meeting,  with  the  understanding  that  he  is  to  develope  the 
paragraph  or  paragraphs  into  appropriate  form  for  further 
discussion  and  adoption  at  the  following  meeting. 

Those  who  consistently  fail  in  the  performance  of  then- 
share  of  the  work  should  resign  and  their  places  should  then  be 
filled  by  more  promising  experts. 

Men  of  large  affairs  too  busy  with  their  own  interests  to 
give  much  time  to  the  work  are  not  desirable  members;  they  are 
more  likely  to  be  representatives  of  special  interests  and  should 
not  be  permitted  to  burden  the  active  willing  workers  with  the 
whole  load  and  rob  them  of  a  part  of  the  time  they  must  devote 
to  the  gaining  of  their  livelihood. 

Mr.  C.  H.  Blackall:*  Absence  from  the  city  made  it  im¬ 
possible  for  me  to  give  proper  attention  to  this  very  interesting 
paper.  I  can  only  say  now  that  the  paper  is  admirable  in  every 
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way.  1  am  especially  glad  that  the  paper  recognizes  the  de¬ 
sirability  of  a  Board  of  Appeal.  The  Board  of  Appeal  has 
worked  admirably  here  for  many  years  and  it  does  away  with 
the  necessity  of  making  the  Building  Law  a  specification,  a 
condition  which  has  worked  so  disastrously  in  connection  with 
the  Chicago,  Cleveland  and  New  York  laws. 

I  would  suggest  one  small  point  which  affects  a  class  of 
buildings  with  which  I  have  had  considerable  experience.  The 
definition  given  for  a  1  heater  might  be  dodged  a  little  bit  in 
practice  and  I  should  think  it  would  be  advisable  to  say  that 
it  would  include  any  hall  designed  for  or  used  for  the  enter¬ 
tainment  of  spectators,  scaling  more  than  300  on  any  one  level . 
or  with  more  than  one  balcony ,  and  having  a  permanent  or  tem¬ 
porary  stage  upon  which  stage  scenery  and  theatrical  appa¬ 
ratus  might  be  employed.” 

Mr.  J.  C.  AVilson  :*  1  quite  agree  with  a  former  speaker 

in  regard  to  the  Building  Inspector’s  office  writing  the  Code 
and  then  submitting  it  to  a  commission  as  he  suggests,  made  up 
of  the  Engineers’  Society, •  the  architects  and  master  builders 
associations,  or  the  builders  exchange  or  whichever  it  may  be. 

The  Author:  Mr.  Godfrey  says  that  “The  prime  object 
of  a  building  code  is  to  insure  the  building  of  safe  structures 
to  the  end  that  life  and  property  be  conserved.”  I  am  quite 
sure  we  will  all  agree  heartily  with  this  statement. 

It  would  be  one  thing  to  sit  down  and  write  a  model  build¬ 
ing  law  and  it  is  quite  another,  to  attempt  to  listen  to  all  and 
try  to  fit  their  ideas  into  one  law  and  have  anything  fit  to  be 
a  guide  to  designers  when  the  work  is  done.  A  building  law 
is  not  a  text  book  to  teach  inexperienced,  untrained  men  how 
to  do  their  work  correctly.  If  a  building  law  is  to  be  kept 
consistent,  it  should  only  state  general  requirements  which  arc 
the  limit  of  safety  and  omit  anything  which  has  a  tendency  to 
tell  an  engineer  how  to  do  his  work,  or  what  he  must  do  to 
make  his  work  safe.  His  training  and  experience  should  teach 
him  this. 

To  this  end  then  let  us  plainly  understand  that  if  one  en¬ 
gineer  wants  to  use  any  method  of  calculating  the  strength  of 
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plate  girders  which  appeals  to  him,  by  all  means  let  him  do  it 
that  way,  whether  it  he  my  way  of  areas  of  flange  angles  or  mo¬ 
ments  of  inertia,  provided  however,  that  when  he  is  done  his 
work  may  be  checked  and  found  safe;  but  if  any  one  else  has 
another  way  to  do  it,  let  him  have  his  way  also,  if  his  work  is 
then  safe.  A  building  law  has  no  business  meddling  with  the 
details  of  his  method,  even  if  he  wants  to  place  vertical  stirrups 
in  a  beam  or  rods  in  a  column,  or  if  he  has  any  method  of  con¬ 
struction  which  is  an  improvement,  then  by  all  means,  do  not 
hinder  him.  First  let  him  prove  the  safety  of  his  method  of 
construction  and  the  correctness  of  his  theoretical  assumptions 
and  calculations  by  conducting  tests  on  a  real  structure  and 
checking  back  his  theories  to  fit  what  is  thus  ascertained.  Tf 
a  test  on  a  construction  proves  that  it  has  a  proper  factor  of 
safety,  then  it  makes  no  difference  to  any  one.  else  what  his 
theory  has  been,  the  structure  is  safe  and  that  is  all  there  is 

to  it. 

A  careful  study  of  the  ordinances  passed  by  the  recent  com¬ 
mission  will  disclose  all  these  principles  plainly  and  tersely 
stated.  Any  one  wishing  to  employ  a  special  mode  of  construc¬ 
tion  must  prove  its  safety  by  testing  it  to  the  satisfaction  of 
the  building  inspector,  furnishing  his  specifications  and  prov¬ 
ing  that  it  has  a  safety  factor  of  four.  An  additional  require¬ 
ment  is  then  that  the  unit  strains  set  down  in  the  ordinance 
are  not  to  be  exceeded.  This  is  the  way  the  inspector  inter¬ 
prets  the  clause  “and  satisfactory  to  the  Superintendent.” 

After  having  applied  the  column  formula  given  in  the 
concrete  ordinance  to  some  of  the  heaviest  loadings  that  have 
ever  been  placed  on  a  reinforced  concrete  column  I  have  never 
been  able  to  discover  that  a  unit  stress  higher  than  1800  lb.  per 
sq.  in.  would  be  allowable.  Where  the  stated  limits  come  from  I 
know  not,  as  no  such  unit  stresses  have  yet  appeared  to  be 
allowable  on  columns  that  can  be  built.  I  should  like  to  have 
Mr.  Godfrey  show  how  these  calculations  were  made. 

It  might  be  a  bit  of  information  to  the  members  of  this 
Society  that  the  tests  recently  conducted  on  life  size  columns 
right  here  in  Pittsburgh  show  that  a  unit  stress  pf  1300  lb.  per 
sq.  in.  is  perfectly  safe  if  one  can  expect  reasonably  good  work- 
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manship  and  the  standard  quality  of  materials.  These  tests 
were  conducted  under  the  auspices  of  the  Concrete  Institute  at 
the  Pittsburgh  Testing  Station,  U.  S.  Bureau  of  Standards. 

In  the  paper  it  was  intended  to  state  what  should  go  into 
a  building  law,  in  order  to  have  it  closely  approach  the  ideal. 
Of  course,  it  will  be  understood  that  no  work  of  such  a  kind  will 
be  done  in  an  ideal  manner.  The  standard  of  excellence  of  any 
law  will  be  lower  than  that  which  I  have  tried  to  set  up  in  the 
paper.  However,  this  much  is  true,  that  it  is  possible  to  im¬ 
prove  very  much  on  present  conditions. 

This  subject  is  one  that  requires  almost  a  lifetime  in  study. 
I  could  call  your  attention  to  many  phases  that  would  not,  at 
first  glance,  be  considered  a  part  of  the  work  of  writing  build¬ 
ing  laws.  I  will  mention  a  few. 

First,  is  the  general  welfare  of  all  individuals  in  a  .commun¬ 
ity  from  the  standard  of  living  down  through  considerations  of 
its  expense,  the  general  health,  safety  and  morals.  Much  of  this 
work,  true,  must  he  done  by  those  devoted  to  welfare  work,  but 
many  parts  of  building  law  have  a  hearing  also,  as  especially 
in  workingmen’s  houses.  If  individual  houses  can  not  be  ob¬ 
tained  at  a  price  which  a  workingman  can  pay,  he  will  have 
to  be  huddled  in  crowded  tenements.  You  can  readily  imagine 
what  must  be  done  in  this  matter  before  building  laws  will  be 
perfect. 

Second,  as  to  districting  cities :  Pittsburgh  is  peculiarly 
situated.  River  fronts  are  needed  for  shipping  facilities,  both 
by  rail  and  boat.  Factories  can  be  placed  there.  The  sur¬ 
rounding  hills,  very  barren  of  vegetation  or  use  of  any  kind 
now  would  then  become  the  proper  place  for  the  homes  for  the 
operatives  and  they  could  be  made  sanitary  at  small  expense 
as  rainfall  carries  much  off  a  hillside  that  lies  and  rots  on  a 
level.  By  districting  in  this  manner,  the  poor  man’s  house  may 
be  constructed  to  resist  a  decreased  fire  hazard  since  he  is  not 
endangered  by  the  big  fire  risks.  By  the  use  of  non-inflammable 
building  materials  all  risks  are  reduced  to  a  minimum.  Thus 
the  protection  against  fire  need  not  be  as  elaborate  or  cost  as 
heavily.  The  principal  expense  then  would  he  merely  for  pro- 
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tection  against  cold  and  the  weather.  Many  other  matters 
affecting  the  business  of  our  town  depend  on  this  subject  alone. 

Third,  conies  the  matter  of  the  building  inspector  making 
studies  to  find  ways  and  means  for  bettering  the  housing  condi¬ 
tions  of  the  community  in  all  ways  possible.  He  should  be  ac- 

tive  in  promoting  all  work  of  this  kind. 

Now,  as  to  the  various  detail  questions  which  have  arisen 
in  the  discussion,  there  is  one  which  calls  for  especial  attention. 
In  my  heart  I  agree  with  what  Mr.  Allen  has  about  the  Build¬ 
ing  Inspector  having  an  especial  knowledge  of  the  matter  which 
would  qualify  him  especially  to  assist  in  writing  the  building 
laws.  However,  it  is  necessary  for  him  to  be  capable  of  per¬ 
forming  the  work.  None  but  carefully  trained,  broad  gauge 

men  should  undertake  this  work. 

Again,  there  is  a  theory  of  democratic  government  that 

those  charged  with  the  administration  of  laws  should  not  be 
charged  with  their  making.  This  may  be  gotten  round  in  the 
manner  in  which  Mr.  Allen  said  it  has  been  done  in  Cleveland 
by  having  his  work  checked  by  others,  or  by  making  the  build¬ 
ing  inspector  a  member  of  the  commission  so  that  they  may 
take  advantage  of  his  especial  knowledge  and  to  put  him  in  a 
fighting  position. 


MINE  VALUATION 


By  J.  R.  Finlay* 


In  my  experience  I  have  had  occasion  to  put  a  value  on 
mines  for  four  different  reasons.  First,  for  the  purpose  of  a 
prospective  purchaser.  Second,  for  the  benefit  of  casual  invest¬ 
ors.  Third,  to  make  comparative  valuations  of  mines  for  the 
purpose  of  consolidation.  In  that  case,  of  course  it  would  not 
matter  what  your  basis  of  valuation  was  as  Ion"  as  it  was  fair 
to  both  sides.  And  fourth,  to  serve  the  purposes  of  a  Tax 
Commission. 

In  all  work  that  1  have  done  I  have  worked  on  one  theory, 
which  was  propounded,  I  think,  by  Mr.  II.  C.  Hoover :  That  the 
only  value  to  be  put  on  a  mine  must  come  out-  of  its  expected 
earnings.  In  other  words  the  value  is  simply  the  capitalization 
of  its  earnings,  as  they  will  appear  in  a  series  of  dividends. 
This  applies  to  properties  that  are  not  equipped,  as  well  as  to 
those  that  are  equipped,  for  actual  mining.  By  this  theory  a 
plant  at  a  mine  adds  value  to  the  property  simply  because  it 
enables  it  to  earn  more  money  than  it  would  if  it  was  not  so 
equipped,  and  hastens  the  period  of  earnings. 

I  have  discovered  that  most  owners,  and  particularly  most 
bankers,  do  not  get  this  point  of  view  exactly.  When  you  are 
asked  by  a  banker  to  put  a  value  on  a  mining  property  you  are 
usually  asked  to  be  specific  about  three  things,  first  what  the 
liquid  assets  are,  second  what  the  equipment  is  worth,  and  third 
what  the  land  is  worth.  As  a  matter  of  fact  it  often  injures 
no  one  to  divide  the  value  of  property  in  that  way.  If  property 
is  worth  $1  000  000  it  does  not  injure  any  one  to  say  that  $100  000 
of  it  is  liquid  assets,  $400  000  in  equipment  and  $500  000  in 
land;  except  in  this  way  I  would  figure  that  if  a  property  could 
not  earn  any  dividend  it  would  not  be  worth  one  cent  even  if  it 
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had  a  million  dollars  worth  of  equipment  on  it;  because  I  do 
not  know  of  a  single  instance  in  which  mining  equipment  which 
does  not  serve  the  purpose  for  which  it  was  made  ever  yielded 
enough  as  junk  to  pay  the  expense  the  company  is  put  to  in 

taking  care  of  it. 

Therefore  the  theory  is  that  the  capitalization  of  expected 
earnings  is  really  all  that  we  have  as  a  logical  basis  for  valuing 
a  mine.  Of  course  that  does  not  apply  to  liquid  assets.  You 
might  have  a  certain  amount  of  coal,  or  iron,  or  lead  mined,  or 
anything  that  is  salable,  or  cash  in  bank.  That  is  a  different 
thing.  I  mean  the  solid  property,  the  equipment  and  the  lands. 
Whether  that  theory  is  right  or  not,  it  is  the  only  one  that  I 
have  ever  worked  on,  and  if  I  am  not  very  much  mistaken  it  is 
the  one  that  is  generally  accepted  by  mining  engineers  today. 

The  casual  investor  has  a  right  to  buy  shares  in  a  mining 
company  with  reference  to  three  factors : 

First :  How  long  the  property  will  last. 

Second’.  How  much  it  will  pay  annually. 

Third:  How  much  his  money  is  worth  if  invested  without  trouble 
to  himself. 

The  investor  who  is  responsible  for  a  mining  enterprise  has 
a  right  to  demand  a  return  for  himself  on  different  grounds. 

First :  He  must  risk  money  for  development  which  will  assure  a 
given  life. 

Second :  He  must  embark  in  the  enterprise  an  amount  ot  money 
which  is  risked  simply  to  make  it  safer  for  others  to  put  in  money. 

He  is  entitled  to  be  paid  for  taking  this  risk. 

Third:  If  he  finances  his  property  with  his  own  money,  he  is 
entitled  to  a  return  on  such  portion  of  it  as  he  might  secure  from 
others  equal  to  what  lie  would  have  to  pay  others  for  it. 

Fourth:  After  reimbursing  himself  for  his  enterprise  and  risk 

in  the  above  respects,  he  is  entitled  also  to  such  ordinary  returns  on  lus 
investment  as  he  might  get  for  his  money,  if  he  took  no  risk. 

While  it  is  difficult  to  take  the  measure  of  these  factors  in 
a  generalization,  it  is  only  by  weighing  them  that  we  can  arrive 
at  the  price  which  should  be  put  on  a  property  by  one  who 
contemplates  buying -it. 

The  point  I  wish  to  bring  to  your  attention  especially  is 
the  difference  in  the  situation  of  a  casual  investor  in  mining 
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stock  and  that  of  a  man  who  shoulders  the  financial  and  techni¬ 
cal  responsibilities  of  an  enterprise.  It  has  been  brought  to  my 
attention  very  forcibly  that  the  man  who  is  responsible  for  a 
mine  faces  a  situation  quite  different  from  that  which  T  have 
usually  had  in  mind  in  putting  a  value  on  property.  The 
casual  investor,  if  he  has  any  sense,  usually  buys  into  a  prop¬ 
erty  that  is  thoroughly  established.  It  is  already  financed.  The 
management  is  settled.  It  is  already  producing  something.  All 
he  needs  to  do  in  order  to  know  whether  he  wants  to  buy 
shares  of  that  property  is  to  get  information  on  these  three 
factors.  Of  course  if  he  has  no  means  of  finding  out  the  truth 
about  these  factors  he  is  all  at  sea.  But  if  he  knows  how  long 
a  property  will  last  and  how  much  it  will  pay  annually,  it 
comes  down  to  a  simple  question  of  how  much  he  can  get  for 
his  money  in  an  investment  which  gives  him  no  personal  trouble. 
That  I  think  is  usually  found  to  he  somewhere  around  5  percent. 

I  am  really  at  a  loss  to  know  whether  all  the  members  of 
this  Society  have  followed  the  subject  of  the  valuation  of  mines 
or  not.  Perhaps  I  had  better  stop  here  and  explain  one  or  two 
things  for  fear  some  of  you  may  not  be  at  all  familiar  with  the 
subject.  When  I  speak  of  money  being  worth  5  percent  I  mean 
that  as  net  interest.  It  is  a  perfectly  safe  thing  to  say  that  no 
one  has  any  business  buying  mining  stock  which  does  not  yield 
over  5  percent  dividends.  But  I  mean  this,  that  if  you  can  get 
5  percent  net  in  the  form  of  interest  merely  for  the  use  of 
your  money,  if  you  do  not  lose  anything,  you  do  about  as  well 
as  you  can  ordinarily  do.  But  of  course  a  mining  property  be¬ 
ing  a  property  of  limited  life,  the  buyer  must  apply  the  first 
factor,  namely,  how  long  the  property  will  last,  in  this  wav: 
He  must  figure  on  a  dividend  sufficient  to  pay  interest  on  his 
investment  and  also  to  amortize  his  capital  within  the  life  of 
the  mine.  I  do  not  mean  that  it  is  necessary  for  him  to  build 
up  a  sinking  fund.  The  investor  generally  does  not  do  that. 
But  he  must  figure*  on  a  sufficient  return  to  create  a  sinking  fund 
which  will  pay  back  his  principal  as  well  as  his  interest.  I 
have  no  tables  of  amortization  with  me,  but  I  can  recall  roughly 
some  figures.  If  a  property  will  last  20  years  and  you  expect 
o  percent  interest  on  it,  you  must  sol  aside  a  sum  of  about 
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3  percent  each  year. and  invest  that  at  4  percent  and  keep  in¬ 
vesting  it  each  year  and  reinvest  the  returns  of  that  for  20 
years  in  order  to  pay  back  your  principal.  In  the  mean  time 
each  year  you  expect  5  percent  interest,  so  that  a  property  wit 
a  20  year  life  should  giye  you  dividends  equal  to  8  percent 
at  least  on  the  price  you  pay  for  it.  If  it  is  going  to  last  only 
ten  years  the  least  dividend  that  will  possibly  justify  your  in¬ 
vestment  is  15  percent.  Tf  you  increase  the  life  to  40  years 
the  least  return  that  is  adequate  under  any  interest  rate  is 

about  6  percent.  I  do  not  undertake  to  give  exact  figures.  But 

the  point  where  the  interest  rate  on  money  influences  the  valu¬ 
ation  of  a  mining  property  is  that  your  imaginary  sinking  fund 
has  to  be  added  to  your  rate  of  interest.  Thus  if  you  require 
6  percent  interest  on  your  money  and  the  life  of  the  mine  is 
to  be  20  years  the  least  return  that  will  do  you  any  good  wil 
be  9  percent.  If  you  need  7  percent  on  your  money  you  must 
have  10  percent  on  a  property  that  will  last  20  years. 

I  imagine  that  people  in  the  Pittsburgh  District  are  mainly 
interested  in  iron  and  coal  properties.  Therefore  possibly  these 
considerations  are  more  evident  here  than  they  would  be  in 
most  places.  I  take  it  for  granted  that  as  coal  property  can 
usually  be  figured  on  pretty  accurately  as  to  life,  there  shou 
be  no  great  difficulty  in  estimating  the  amount  of  coal  that  can 
be  obtained  per  acre,  and  if  you  have  a  property  of  1000  acres 
and  you  figure  on  a  plant  that  will  put  out  so  many  tons,  then 
you  know  what  life  to  figure  on,  and  you  also  have  an  op¬ 
portunity  to  figure  on  the  most  profitable  life  for  a  given 
acreage.  The  sooner  you  get  the  profits  the  better,  unless  they 
are  obtained  at  the  expense  of  too  great  an  initial  investment. 

But  I  have  been  speaking  of  the  rate  the  casual  investor, 
the  man  who  takes  no  personal  responsibility,  expects.  As  a 
matter  of  fact  I  have  found  out  that  the  best  way  to  learn  what 
money  is  worth  is  to  borrow  it.  If  I  am  not  very  much  mis¬ 
taken  a  great  deal  of  coal  mining  is  done  on  borrowed  capital, 
therefore  I  imagine  that  I  am  talking  to  some  people  who  will 
appreciate  what  I  have  to  say.  Owing  to  the  usual  limit  of 
life  to  a  mining  property,  it  is  generally  necessary  to  borrow 
money  to  be  repaid  within,  a  limited  period,  a  few  years.  There- 
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lore  the  rate  oi*  interest  that  is  really  applicable  to  the  business 
is  usually  the  rate  of  interest  that  applies  to  short  time  note 
issues.  Now  the  bankers  will  put  out  a  note  issue  say  for 
$1  000  000  with  let  us  say  a  4  year  maturity,  at  6  percent  in¬ 
terest.  On  the  face  of  it  you  might  suppose  that  a  mining 
property  which  sells  these  notes  only  pays  6  percent  interest. 
That  would  be  $60  000  a  year.  But  as  a  matter  of  fact  you 
must  remember  that  the  banker  lias  to  be  paid  himself.  You 
have  to  pay  him  a  good  round  sum  for  his  activities  in  securing 
this  money  for  you  and  for  guaranteeing  it.  Under  the  present 
market  you  will  do  well  I  think  with  a  coal  property  to  be 
able  to  sell  short  time  notes  at  less  than  about  12  percent  dis¬ 
count.  On  the  face  of  it  perhaps  the  discount  would  be  10  percent, 
but  the  banker  always  makes  you  pay  for  everything  he  does.  Tie 
makes  you  pay  for  his  lawyers  who  examine  your  title,  his 
mining  engineer  who  examines  your  property,  and  usually 
throws  in  a  little  for  himself.  And  then  he  insists  on  a  little 
graft  that  lasts  quite  a  while,  for  instance  on  your  paying  a 
mining  engineer  that  he  nominates  to  watch  your  own  property 
for  you  for  four  years,  and  you  pay  him  a  good  big  salary,  too, 
when  you  consider  that  he  does  nothing,  $5000  a  year  is  a 
usual  figure  for  that  kind  of  graft.  And  when  you  get  down  to 
brass  tacks  you  will  find  that  you  have  obligated  yourself  to 
pay  $1  000  000,  of  course  after  four  years,  and  you  have  re¬ 
ceived  say  $880  000,  and  that  means  that  you  will  pay  6  percent 
on  $1  000  000,  or  $60  000  a  year,  and  $120  000  besides,  which 
brings  it  right  up  to  9  percent  immediately. 

The  point  1  have  thought  of  recently  is  that  really,  in 
justice  to  himself,  a  man  who  is  going  to  take  the  responsibility 
of  operating  a  property  should  allow  himself  as  much  interest 
as  he  would  have  to  pay  anybody  else  for  the  use  of  that  money, 
and  in  good,  square,  common  sense  he  should  have  more,  for  this 
reason:  A  banker  will  never  lend  him  money  at  all  unless  the 
entrepreneur,  or  the  man  that  starts  the  enterprise,  has  already 
put  in  some  of  his  own  which  helps  to  guarantee  the  property 
and  make  the  security  for  the  banker.  He  is  taking  much  larger 
risk  than  the  banker  is,  and  if  he  had  to  pay  the  banker  for 
taking  such  a  risk  there  is  no  telling  what  rate  of  interest  and 
discount  he  would  have  to  pay. 
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So  I  have  put  down  here  a  list  of  the  things  he  must  do. 
Suppose  he  starts  in  on  a  property  that  has  a  showing  which 
is  enough  to  start  with,  enough  to  warrant  him  in  believing  that 
he  can  start  the  property.  I  do  not  know  much  about  the  coal 
business,  but  let  us  have  an  imaginary  coal  mine.  Our  operator 
knows  that  in  this  Pittsburgh  region  we  have  at  least  one  and 
perhaps  two  seams  of  coal  within  a  certain  area.  Suppose,  he 
figures  on  buying  a  tract  of  land  on  which  to  start  a  coal  mine. 
He  would  have  still  to  do  some  testing  and  drilling  or  . explora¬ 
tion  to  make  sure  just  what  the  condition  of  that  seam  is  on  the 
particular  property  that  he  is  contemplating.  He  would  also 
have  to  go  to  some  expense  in  having  the  title  looked  over  by 
lawyers,  and  quite  a  bit  of  preliminary  expense.  That  he  would 
absolutely  have  to  risk.  If  on  the  strength  of  that  he  decided 
that  the  property  was  worth  going  ahead  with,  then  he  must 
begin  his  investment  in  the  plant.  Now  before  he  gets  to  the 
point  where  a  banker  would  lend  him  money  on  his  enterprise 
he  has  got  to  put  in  a  great  deal  of  money  himself.  I  claim 
that  on  that  amount  of  money  which  is  necessary  to  put  the 
enterprise  in  such  a  position  that  a  banker  will  take  it  seriously, 
the  projector  of  such  an  enterprise  should  expect  a  larger  re¬ 
turn  than  the  banker  would  expect  on  his  money. 

I  have  already  proved,  as  it  seems  to  me,  that  you  can  not 
borrow  money  on  such  a  property  as  that  for  less  than  a  net 
outgo  of  9  percent  interest  on  the  money  you  have  borrowed, 
therefore  it  seems  to  me  that  the  projector  of  an  enterprise 
should  allow  himself  considerably  more  than  that  for  what  he 
puts  in.  How  much  more  I  do  not  know.  But  I  should  say 
that  if  a  man  put  $1  000  000  into  a  property  in  order  to  get 
it  in  such  shape  that  he  could  borrow  another  million  on  it  to 
complete  it,  it  would  be  not  at  all  unfair  to  expect  twice  as 
much  interest,  or  discount,  on  the  first  million  as  he  vould  have 
to  pay  on  the  second,  because  the  risk  is  proportionately  greater. 

If  we  make  such  an  assumption  as  to  the  value  of  money 
we  would  arrive  at  a  figure  something  like  this  for  the  whole 
$2  000  000  required.  He  should  expect  an  interest  rate  of  some¬ 
where  around  14  percent,  being  the  average  between  9  and  18 
percent.  That  of  course  is  on  money  invested  for  a  compara- 
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tively  short  time.  Further  the  investment  will  be  a  failure 
unless  he  figures  on  earnings  sufficient  to  create  a  sinking  fund 
which  will  pay  back  the  whole  investment  during  the  life  of 
the  property.  As  nearly  as  1  can  figure  roughly  the  absolute 
interest  rate  should  vary  according  to  the  life  of  the  property. 
If  these  suggestions  as  to  the  value  of  the  money  are  really 
correct,  if  we  suppose  the  property  has  a  very  limited  life,  say 
five  years,  the  projector  of  an  enterprise  should  expect  at  the 
very  least  to  set  aside  20  years  for  the  return  of  his  capital  and 
then  he  should  be  satisfied  to  expect  13  percent  profit,  so  that 
a  mining  property  which  cost  $2  000  000  to  start  and  had  five 
years  life  ahead  of  it  should  pay  back  in  dividends  something 
like  this:  $400  000  a  year  for  the  return  of  capital  and  13 
percent  on  that  capital,  or  $260  000  more.  It  should  pay  33 
percent  interest  to  the  projector  in  order  to  give  him  ju>t  a 
running  chance,  just  a  moderate  chance  for  profit,  the  kind  of 
profit  that  the  banker  gets  any  way — that  he  is  compelled  to 
pay  to  other  people  whose  money  he  uses. 

Of  course  if  the  life  of  the  investment  is  very  much  longer 
he  would  perhaps  be  able  to  spread  his  discount  over  a  longer 
period  and  the  rate  would  be  somewhat  less.  For  instance  if 
we  imagine  the  life  of  this  property  to  extend  to  20  years  and 
you  can  borrow  money  at  the  same  rate  of  interest  and  the 
same  discount,  the  man  who  borrows  the  $1  000  000  would  have 
to  pay  $60  000  a  year  interest  and  the  discount  In*  would  have 
to  pay  to  the  banker  would  be  $120  000  and  you  could  spread 
that  over  20  years,  and  it  does  not  add  very  much  to  the  interest 
rate.  His  real  payment  then  would  be  $66  000  a  year  or  6.6 
percent.  But  I  think  it  would  still  be  true  that  the  projector 
of  the  enterprise  should  have  a  larger  rate  of  interest  on  the 
money  required  to  make  it  worth  the  banker’s  while  to  lend 
him  money.  So  that  I  should  put  it  down  as  a  sort  of  a  gen¬ 
eralization  that  no  one  is  warranted  in  taking  the  financial  re¬ 
sponsibility  of  a  mining  enterprise  unless  he  can  figure  out  for 
himself  at  least  10  percent  net  interest  on  all  the  money  he 
invests  in  it.  So  that  even  with  a  20  year  life  T  should  think  the 
projector  of  a  mining  property  would  be  doing  poor  business 
unless  he  could  figure  out  for  himself  a  dividend  of  at  least  13 


198  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA.  • 

percent  a  year.  Of  course  as  a  matter  of  fact  most  successful 
mining  properties  pay  at  least  that  much  on  their  original  in¬ 
vestment. 

But  here  is  a  point  that  I  have  wondered  about,  whether 
in  considering  the  value  of  mines  for  the  purposes  of  taxation 
a  state  cannot  afford  to  allow  to  the  companies,  which  own  these 
mines  and  have  operated  them,  an  interest  rate  equal  to  that 
which  should  be  allowed  to  an  investor  who  is  thinking  of  open¬ 
ing  up  a  mine.  I  do  not  know  about  that.  I  am  inclined  to 
think  it  should,  that  in  fixing  a  value  for  property  for  taxation 
it  would  be  fairer  after  all  for  the  state  to  make  a  fixed  rule  to 
allow  10  percent  interest  on  the  investment  besides  an  amortiza¬ 
tion  amount. 


DISCUSSION 

Mr.  W.  E.  Foul:*  We  of  Pittsburgh  have  been  chiefly 
concerned  and  are  best  acquainted  with  mines  producing  coal, 
either  for  shipment  raw  to  more  or  less  distant  industries  or 
for  the  manufacture  of  coke  in  ovens  adjacent  to  the  mines, 
which  process  of  manufacture  is  of  necessity  an  integral  part 

of  the  investment  proposition. 

These  mining  enterprises  have,  for  the  most  part,  attempted 
to  reach  Mr.  Finlay’s  “ casual  investor”  by  bond  issues  intended 
to  present  an  investment  without  trouble  to  the  investor  and 
paying  a  sufficient  rate  of  interest  to  make  them  attractive  vhen 
compared  with  other  industrial  security  issues.  The  essentials 
of  a  proper  valuation  on  which  to  base  these  bond  issues  have 
been  given  in  the  early  part  of  Mr.  Finlay’s  paper,  but  their 
concrete  applications  present  some  intricacies. 

Such  a  valuation,  though,  is  not  a  safe  one  unless  there  is 
taken  into  account  the  broader  one  which  comprehends  the 
entire  operating  life  of  the  mine  and  which  requires  the  capital¬ 
ization  of  its  prospective  profits.  We  must  admit  that  any 
attempt  at  calculating  such  a  value  is  precarious;  we  cannot 
see  into  the  earth  and  discover  the  irregularities  in  the  deposi¬ 
tion  of  minerals ;  neither  can  we  foretell  the  vagaries  of  either 
our  labor  or  our  consuming  iflarket.  However,  there  is  no  busi- 

*Consulting  Mining  Engineer,  Farmers  Bank  Building,  Pittsburgh. 
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ness  without  risk  and  the  appraiser  of  mining  properties  must 
assume  his  share  of  it  in  order  that  there  may  be  some  linger 
board  to  direct  the  investment  of  capital. 

As  a  basis  for  comment  I  present  in  the  simplest  possible 
form  a  calculation  of  the  probabilities  of  operating  to  exhaust¬ 
ion  a  400  oven  plant  mining  Connellsville  coal  and  manufactur¬ 
ing  coke  in  bee-hive  ovens,  the  seam  producing  8000  tons  of  coke 
per  acre  and  the  mine  having  a  productive  life  of  40  years : 


Investment: 

1000  Acres  land  @  $1500 . $1  500  000 

400  Ovens  @  $1200  .  480  000 


Total  . $1080  000 

Annual  interest  on  capital .  118  800 

Interest  charges  per  ton  of  coke  produced  (500  tons  per 

annum  per  oven)  . 59.4c. 

Amount  to  be  invested  at  beginning  of  every  half  year 
at  4%  interest  compounded  semi-annually,  to  ex¬ 
tinguish  entire  capital  in  40  years . $10  018.80 

Sinking  fund  charges  per  ton  of  coke  produced . 10c. 


Carrying  the  calculation  a  little  farther,  the  total  cost  of  coke  produc¬ 
tion  per  ton  would  appear  as  follows: 

Mining  of  coal  and  manufacture  of  coke,  exclusive  of 

capital  charges  . $1.50 

Interest  on  capital . .  0.594 

Sinking  Fund  .  0.10 

Total  . $2,194 

Revenues  from  rents  and  merchandizing,  figures  for  which 

are  not  at  my  command,  are  properly  deductible  from  this  total 
cost  and  the  calculation  does  not  otherwise  purport  to  be  an 
exact  representation  of  coke  region  conditions.  Nevertheless, 

it  is  near  enough  to  make  the  prospective  investor  hesitate 
when  he  considers  how  nearly  it  approaches  the  average  selling 
price  of  coke  when  it  is  calculated  for  a  period  of  years  and  to 
warn  him  of  the  necessity  of  close  figuring  on  all  coal  and  coke 
propositions. 

If,  however,  exactly  the  same  plant  were  used  to  exhaust 
a  tract  containing  only  500  acres,  while  the  sinking  fund 
charge  would  be  increased  to  20  cents,  the  interest  charge 
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would  be  reduced  to  36.9  cents,  making  the  total  capital  charges 
56.9  cents  instead  of  69.4  cents  as  used  in  the  calculation. 

All  this  may  seem  to  be  a  trifle  elementary,  but  it  appears 
to  be  overlooked  by  those  who  seem  to  be  able  to  see  no  limit 
to  acreage  prices  for  coking  coal  and  it  certainly  requires  con¬ 
sideration  by  consumers  of  coke  who  must,  by  payment  of 
reasonable  prices  for  their  consumption,  help  carry  the  charges 
for  capital  already  invested  in  plants  and  coking  coal  lands, 
or  else  supply  will  be  cut  off  by  failure  to  produce. 

To  arrive  at  the  prospective  profits  of  the  operating  in¬ 
vestor  such  a  calculation  as  the  one  above  given  must  be  carried 
a  step  further  and  the  present  worth  must  be  determined  of 
the  difference  between  the  cost  of  production  and  the  average 
selling  price  over  a  term  of  years.  At  the  best,  though,  such 
a  calculation  can  give  only  a  very  general  idea  of  actual  value, 
being  based  on  an  average  cost  of  production  and  an  average 
selling  price  of  the  product,  both  of  which  must  be  applied 
to  any  particular  property  with  great  discrimination. 

I  believe  that  ordinarily  a  more  nearly  correct  idea  of 
purchase  values  may  be  obtained  by  a  capitalization  of  current 
royalties,  and  that  this  method  of  arriving  at  a  proper  price 
to  pay  for  coal  lands  is  especially  suited  to  regions  in  which 
there  has  been  insufficient  development  to  determine  a  reliable 
average  figure  either  for  cost  of  production  or  selling  price 
of  the  product.  Royalties  seem  to  be  able  to  travel  over  con¬ 
siderable  stretches  of  country  without  change  and  a  royalty 
figure  once  fixed  in  a  locality  displays  an  extraordinary  re¬ 
sistance  to  change.  Adam  Smith  in  his  chapter  on  ‘‘The  Rent 
of  Land”,  written  more  than  130  years  ago,  says  that  in  coal 
mines  a  fifth  of  the  gross  product  is  a  very  great  rent  and  a 
tenth,  the  common  rent.  These  proportions  obtain  still  in  the 
United  States  almost  without  change,  the  very  great  rent  named 
by  Smith  being  current  in  the  Anthracite  and  Connellsville 
regions,  and  the  common  rent  generally  elsewhere  in  the  coal 
producing  sections  of  the  country. 

Mr.  George  S.  Rice:*  I  hesitate  to  attempt  further  dis¬ 
cussion  of  a  subject  broached  by  so  eminent  an  authority  a* 

♦Chief  Mining  Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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Mr.  Finlay.  As  a  matter  of  fact  when  our  energetic  secretary 
called  me  up  by  ’phone  to  ask  if  I  would  say  something  on  the 
matter,  I  improperly  jumped  to  the  conclusion  that  the  sub¬ 
ject  of  valuation  of  mines  referred  to  their  valuation  for  tax¬ 
ation  purposes,  perhaps  this  was  not  an  unreasonable  con¬ 
clusion  as  in  this  field  also  Mr.  Finlay  has  made  his  mark  as 
an  authority.  Probably  no  more  prodigious  task  was  ever  under¬ 
taken  by  a  mining  engineer  than  to  value  all  the  great  iron 
and  copper  mines  of  Michigan  in  a  few  months.  This  he  ac¬ 
complished  in  a  manner  which  on  all  sides  is  recognized  as  a 
magnificent  piece  of  work.  Not  all  mine  operators  agreed 
as  to  the  result  of  the  individual  valuations  of  their  own  pro¬ 
perties  but  some  inequalities  are  to  be  expected  as  manifestly 
it  was  physically  impossible  for  Mr.  Finlay  to  personally 
examine  with  thoroughness  each  mine  and  the  mine  records, 
he  was  of  course  obliged  to  rely  on  his  staff  and  to  pronounce 
on  the  general  principles  governing  valuation.  That  there  has 
been  complaint  from  so  few  operators  shows  how  well  the 
gigantic  task  was  accomplished  of  equalizing  the  taxation  on 
Michigan  mineral  properties. 

Of  course,  not  all  will  agree  with  the  principles  laid  down 
by  Mr.  Finlay,  but  I  have  heard  a  number  of  mining  men  who 
did  disagree  admit  that  with  a  very  few  exceptions  the  equal¬ 
ization  of  taxes  had  worked  out  remarkably  well. 

While  this  in  a  measure  is  not  speaking  strictly  on  the 
subject  in  hand,  yet  I  think  it  is  so  related  and  I  have  so  much 
personal  interest  in  it  that  I  will  venture  to  speak  of  a  phase 
in  the  Finlay  system  of  valuation  for  taxation  that  I  have 
much  question  about  in  my  own  mind,  namely,  in  basing  tax¬ 
ation  values  not  only  on  mineral  already  blocked  out  but  upon 
future  expectations.  1  will  not  attempt  to  cover  this  ground 
in  detail  but  will  point  out  what  I  consider  its  great  disad¬ 
vantages  form  the  standpoint  of  the  welfare  of  the  mining 
industry.  The  following  statements  are  those  on  which  I  base 
my  arguments. 

First :  -That  the  state,  county  and  township  are  entitled 
to  receive  support  through  taxation  from  the  mining  industry 
proportionate  to  the  benefits  conferred  and  proportionate  value 
of  the  mineral  extracted. 
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Second :  That  it  is  to  the  interest  of  the  state,  even  more 
than  the  nation,  that  the  mineral  industry  within  its  borders 
should  be  fostered  and  developed  as  much  as  possible,  and,  so 
far  as  nature  permits  it,  should  be  placed  on  a  permanent 
basis. 

Third:  To  secure  the  latter  desired  result  that  prospect¬ 
ing  for  new  ore,  or  mineral  bodies,  and  the  development  of 
reserves  should  be  encouraged. 

Fourth :  That  mineral  as  long  as  it  remains  in  the  ground 
is  intrinsically  without  value. 

Fifth:  That  neither  the  cost  of  underground  improve¬ 
ments  nor  of  mining  plants,  that  is,  machines  and  structures 
which  are  needed  for  the  extraction  and  local  concentration 
of  the  ore  or  mineral  should  be  taxed. 

On  the  first  four  propositions  most  of  you  will  agree,  but 
on  the  last  many  will  not.  My  argument  concerning  it  is: 
That  shafts,  levels,  or  other  underground  developments  are  in 
themselves  of  no  value  if  the  mining  property  fails,  or  if  the 
mineral  is  exhausted,  but  even  if  the  exploratory  workings  do 
not  find  valuable  mineral,  that  is,  profitable  to  mine,  the  in¬ 
formation  obtained  is  of  value,  though  negative,  and  hence 
it  is  of  value  to  the  state  in  determining  where  development 
should  be  encouraged.  The  same  argument  is  in  part  true  of 
the  surface  plant  though  not  wholly,  as  when  the  plant  is 
of  cheap  construction,  since  there  is  then  little  salvage  value. 
Even  the  plant  may  have  salvage,  value,  nevertheless  I  venture  to 
make  this  assertion  that  it  is  of  greater  value  to  the  state 
and  community  that  the  improvements  be  of  high  character 
for  the  purpose  of  giving  greater  safety  in  the  prevention  of 
accidents  from  fires,  hoisting  accidents  and  the  like,  than  for 
taxation  purposes.  For  that  reason  I  do  not  think  such  im¬ 
provements  should  be  taxed. 

This  brings  me  to  the  gist  of  my  contention  shadowed  in 
my  fourth  proposition,  namely,  that  taxation  should  be  based 
on  mineral  when  it  is  brought  to  the  surface  and  sufficiently 
separated  from  the  vein  rock  to  be  transportable  commercially. 
With  ordinary  iron  ores  this  would  mean  merely  sorting  or 
washing;  with  gold,  copper  or  other  ores,  the  first  concentra- 
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tion;  with  coal,  picking  and  washing.  I  therefore  propose  an 
output  tonnage  tax  with  the  thought  that  this  will  be  the  most 
equitable  way  of  taxation. 

In  France,  the  theory  that  mineral  is  without  •calue  until 
brought  to  the  surface,  has  long  been  acted  upon.  Concessions 
for  coal,  for  example,  are  granted  formerly  by  the  crown, 
now  by  the  state,  for  a  nominal  annual  consideration  of  about 
50  cents  per  acre;  the  chief  tax  is  received  through  a  royalty 
determined  by  a  percentage,  5  percent,  of  the  net  annual 
profits  before  dividends  or  investment  interest  is  paid.  AY  here 
the  profits  in  coal  mining  have  been  almost  uniformly  high, 
as  they  have  been  in  France,  25  cents  to  $1.00  per  metric  ton 
(2204  pounds),  this  plan  appears  to  work  well,  but  would 
hardly  be  suited  to  the  variable  profits  or  absence  of  profits 
of  the  mining  business  in  this  country. 

I  think  that  taxation  of  mineral  in  the  ground  is  frequently 
very  unfair.  For  example,  in  Illinois  and  other  states,  the 
coal  rights  which  have  been  purchased  as  such  are  immediately 
taxed.  The  farmer  whose  land  may  be  surrounded  by  these 
purchased  rights  does  not  have  his  land  assessed  on  the  basis 
of  being  underlain  with  coal,  although  it  may  be  known  through 
drilling  that  the  tract  does  contain  coal.  It  may  be  argued 
that  such  coal  rights  are  bought  up  to  control  the  market,  but 
it  does  not  appear  plausible  to  me  that  men,  or  group  of  men. 
are  willing  to  invest  large  sums  of  money  and  not  open  out  a 
mineral  property  when  there  is  a  real  demand  for  coal  output 
and  willingly  lose  the  interest  year  after  year  on  this  invest¬ 
ment.  But  even  granting  that,  I  believe  that  a  situation  of 
this  sort  could  be  met  by  the  state  taking  possession  under 
condemnation  proceedings  with  proper  valuation  and  com¬ 
pensation  and  then  leasing  the  property.  I  believe  no  one  has 
a  right  to  withhold  in  the  case  of  real  need  of  a  community  a 
natural  basic  resource,  but  the  owner  should  be  compensated 
as  is  the  man  whose  land  is  condemned  by  a  railroad. 

To  further  support  my  view  that  it  is  not  advisable  to 
tax  mineral  reserves  in  a  mine  either  blocked  out  or  pros¬ 
pective,  I  believe  it  restricts  the  underground  development 
which  all  mining  men  consider  wise,  1  will  cite,  without  nam- 
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ing  the  mine,  a  case  in  Michigan  where  a  question  involving 
caving  of  the  surface  brought  me  into  it,  as  a  matter  involving 
safety  of  life.  In  this  case  the  quantity  of  ore  to  he  taken 
out  in  future  seemed  involved,  upon  inquiry  the  management 
of  the  mine  stated  they  did  not  know  how  much  ore  did  exist 
below  the  working  level  in  question,  and  I  have  no  doubt  they 
spoke  the  truth.  It  naturally  occurred  to  me,  why  in  so  large 
a  mine  operated  by  a  company  with  strong  financial  backing 
thev  were  not  blocking  out  ground  for  a  couple  of  years  ahead 
or  at  least  drill  core  drill  holes  ahead.  The  answer  seemed  to  he 
that  they  did  not  want  to  know,  that  they  might  be  penalized  by 
taxation  if  they  did  so. 

Again,  let  me  cite  the  case  of  a  coal  company  in  the  middle 
west  with  which  I  had  personal  acquaintance.  The  mine  was 
physically  a  good  one  and  had  an  equipment  far  above  the 
average,  unfortunately  certain  changes  in  railroad  ownership 
and  a  general  stagnation  from  over  development  of  the  coal 
mining  business  turned  what  had  been  a  good  paying  property 
into  a  losing  one.  The  chief  owners  would  have  been  willing 
to  shut  down  and  wait,  but  the  taxes  on  the  coal  in  the  ground 
and  on  the  fine  surface  plant,  like  the  stabled  horse,  made  it 
“eat  its  head  off”.  The  state  got  its  taxes  for  a  few  years 
then  the  mine  was  wiped  out  of  existence,  which  was  not  good 

for  the  community  or  the  state. 

It  is  not  argued  that  the  tax  on  the  mining  industry,  as 
a  whole,  should  be  lessened  but  rather  that  it  should  be  borne 
by  the  producing  mines  according  to  their  output ;  and  for 
the  same  kind  of  mineral  should  be  alike  just  as  are,  roughbv 
speaking,  the  transportation  charges  which  make  a  far  larger 
proportion  of  the  value  at  the  marketing  point  are  alike  or 
theoretically  so  for  the  same  kind  of  mineral  from  the  same 
district  going  to  the  market. 

Now  to  briefly  reply  to  Mr.  Finlay’s  questions,  for  not 
knowing  his  answers  in  formulating  these  remarks,  I  may  find 
that  I  am  in  entire  agreement. 

First:  The  casual  investor  should  be  informed  how  long 
the  mineral  will  last  as  nearly  as  this  can  be  determined.  In 
the  case  of  coal,  the  quality  should  be  determined  within  a 
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reasonable  degree  by  preliminary  drilling  and  the  investor 
should  then  be  informed  of  the  prospective  output  as  nearly 
as  this  can  be  calculated  in  advance. 

Second :  He  should  be  informed  how  much  the  property 
will  pay  annually  so  far  as  this  can  be  predicted  by  a  compe¬ 
tent  mining  engineer. 

Third:  For  a  mining  investment  not  involving  so  much 
speculation  as  to  quality  and  value  as  in  coal,  iron  and  dis¬ 
seminated  copper  and  gold  ores  10  percent  per  annum  plus' 
the  annual  or  final  return  of  principal  should  be  expected. 
In  more  speculatively  hazardous  mining  20  percent  annual 
seems  reasonable  plus  return  of  capital. 

The  creative  investor,  or  mining  promoter,  using  the  term 
in  its  best  sense,  is  entitled  to  a  larger  return,  but  to  state  its 
exact  terms  is  difficult,  it  would  not  seem  unreasonable  that 
he  should  receive  double  the  amount  of  stock  for  his  first 
purely  speculative  .investment  in  actual  cash,  or  assumed,  obli¬ 
gation,  but  after  the  financing  has  been  done  it  would  appear 
to  me  he  should  only  look  for  the  same  returns  as  the  other 
investors.  For  example,  suppose  the  promoter  purchases  a 
property  for  $100  000  and  pays  over  $10  000  cash  to  ensure 
completion  of  sale,  and  it  possibly  costs  him  for  engineers  fees 
and  other  expenses  $10  000  more;  say  it  then  requires  $90  000 
more  for  the  development  of  the  property,  it  would  then  seem 
entirely  legitimate  that  he  should  receive  at  least  twice  his 
cash  investment  of  $20  000,  or  $40  000  in  stock  in  the  property 
financed  on  the  basis  of  $200  000. 

Mr.  Robert  Linton  :*  The  few  comments  1  shall  make  on 
the  subject  of  “Mine  Valuation”,  which  Mr.  Finlay  has  pre¬ 
sented  to  us  in  such  an  interesting  and  instructive  manner, 
will  apply  chiefly  to  Western  metal  mines,  whose  valuation 
involves  considerably  more  difficulty  than  the  coal  and  iron 
mines  of  the  East,  and  necessitates  the  consideration  of  ele¬ 
ments  of  both  value  and  risk  that  enter  in  to  their  develop¬ 
ment  and  operation  in  a  widely  different  degree  than  is  the 
case  with  the  latter.  • 


^Consulting  Mining  Engineer,  Pittsburgh. 
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For  purposes  of  valuation  mining  properties  are  most  con¬ 
veniently  classified  into  three  groups,  viz: 

First :  Prospects. 

Second :  Mining  properties  with  ore  bodies  partially 
proven  up. 

Third:  Mining  properties  with  ore  bodies  entirely  proven 
up. 

Prospects.  This  group  is  the  most  speculative  of  the  three, 
but  the  degree  in  which  the  properties  included  in  it  are  to  be 
considered  speculative  varies  widely,  depending  on  the  char¬ 
acter  of  mineral  occurrence.  In  this  group  belong  coal  pro¬ 
perties  in  which  no  diamond  drilling  or  other  exploration  work 
has  been  done,  hut  which  are  purchased  simply  on  an  acreage 
basis  and  the  knowledge  that  the  property  is  underlain  with  a 
certain  seam  or  seams  of  coal.  In  the  Pittsburgh  and  other 
similar  districts,  the  fact  that  a  coal  property  is  not  drilled 
does  not  usually  introduce  a  highly  speculative  element.  The 
seams  are  regular,  practically  unfaulted  and  of  uniformly  good 
grade.  The  variation  in  price  per  acre  that  such  coal  property 
brings  is  more  affected  by  its  location  with  reference  to  rail¬ 
road  facilities,  going  mines  and  known  good  coal,  than  by  the 
fact  that  it  is  or  is  not  diamond  drilled.  In  the  case  of  fields 
in  entirely  new  districts,  diamond  drilling  is  absolutely  es¬ 
sential  to  determine  the  thickness  and  grade  of  the  coal,  and 
in  mountain  districts,  where  the  sedimentaries  have  been  much 
broken  and  intruded,  thorough  exploration  is  necessary,  as  the 
seams  may  be  so  badly  faulted  as  to  make  economical  mining 
impossible,  or  the  pressure  incident  to  the  eruptive  action  may 
have  brought  about  a  crushing  of  the  coal  in  place. 

Undeveloped  iron  ore  properties,  disseminated  porphyry 
copper  deposits,  and  large  low-grade  gold  properties  are  little 
or  no  more  speculative  than  the  average  undeveloped  coal  prop¬ 
erty.  They  require  a  considerable  amount  of  money  expended 
on  them  to  prove  up  their  value,  but  after  this  work  is  done, 
it  becomes  a  comparatively  simple  matter  of  calculation  to  esti¬ 
mate  the  cost  of  equipment,  operation  and  the  total  profit 
that* will  be  derived  from  the  ore  body  as  developed. 

Much  more  highly  speculative  are  the  high-grade  metal 
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deposits  which  are  habitually  smaller,  more  scattered  and  more 
capricious  in  occurrence.  In  the  development  of  this  kind  of 
prospects  luck  undoubtedly  plays  an  important  role.  I  have 
watched  the  development  of  such  a  property,  which  the  owners 
bought  for  a  small  sum,  started  work  and  almost  immediately 
opened  a  high-grade  ore  shoot  from  which  they  paid  themselves 
back  the  purchase  price  of  the  property  and  all  development 
expenses,  continuing  work  until  they  had  opened  up  an  ore 
shoot  of  over  half  a  million  dollars  in  value.  On  the  other  hand 
I  have  watched  the  development  of  a  great  many  other  similar 
prospects  where  the  high-grade  ore  shoot  was  hoped  for  but 
never  found. 

Mining  Properties  With  Ore  Bodies  Partial}])  Proven  Up. 
This  group  applies  especially  to  the  class  of  metal  mines  which 
are  characteristic  of  our  Western  states.  These  mines  lie  for 
the  most  part  in  fissure  veins  or  in  irregular  lenses  of  ore 
formed  by  replacement  of  country  rock.  The  Butte  mines  and 
the  Bisbee  mines  are  representative  of  these  two  classes  re¬ 
spectively.  The  ore  bearing  formation  ordinarily  lies  at  a  steep 
angle  with  the  horizontal  and  frequently  extends  to  great 
depths. 

Now  in  developing  such  ore  bodies,  it  is  unnecessary  to 
extend  development  work  beyond  the  point  where  the  outlay 
for  milling  reduction  and  other  equipment  can  be  repaid 
from  the  ore  that  is  known  to  be  available  for  extraction.  It 
is  where  the  property  reaches  this  stage  of  development  that  it 
ceases  to  be  a  prospect  and  becomes  a  mine.  Production  may 
now  begin,  but  development  of  the  ore  bodies  must  still  go  on 
keeping  in  advance  of  the  extraction  of  the  ore,  as  long  as  the 
ore  lasts.  And  until  the  measure  of  an  ore  shoot  is  taken, 
horizontally  and  vertically,  it  can  only  be  said  to  In*  partially 
proven  up. 

Mining  Properties  With  Ore  Bodies  Entirely  Proven  Irp. 

This  group  comprises  mines  where  a  definite  tonnage  of  ore 
•  * 

has  been  developed,  but  in  which  the  limits  of  the  ore  bodies 
have  evidently  been  reached;  or  to  put  it  in  another  way,  it 
comprises  mines  that  are  evidently  approaching  exhaustion  of 
the  ore  bodies  in  which  they  lie.  This  group  also  includes 
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prospects  on  which  sufficient  work  has  been  done  to  demon¬ 
strate  that  payable  ore  does  not  occur,  or  occurs  in  too  small 
a  tonnage  to  justify  the  installation  of  equipment  to  recover 
it.  Coal  properties  that  have  been  opened  up  and  developed 
by  diamond  drilling  and  otherwise  to  the  point  of  affording 
an  accurate  calculation  of  the  tonnage  available  properly  be¬ 
long  to  this  group. 

These  three  classes  of  mining  properties  are  characterized 
by  varying  elements  of  value  and  risk,  which  must  be  fully 
taken  into  account  in  arriving  at  an  estimate  of  what  they  are 

worth. 

Valuation  of  mines  of  the  third  class  is  comparatively 
simple.  In  the  case  of  the  developed  prospect  that  has  opened 
up  no  payable  ore  the  value  is  nil.  In  the  case  Oi.  the  mine 
that  has  a  definite  tonnage  available  it  is  a  case  of  multiplying 
the  number  of  tons  by  the  net  profit  per  ton,  being  careful 
not  to  overlook  possible  increase  in  cost  due  to  mining  at 
greater  depths  and  decreased  rate  of  production  as  the  end  of 
operations  approaches,  and  not  to  estimate  the  selling  price  of 
the  product  at  a  figure  higher  than  can  be  considered  a  reason¬ 
ably  certain  average  for  the  term  of  years  the  mine  has  to 
run.  Rarely  can  any  material  liquidation  value  be  attached 
to  equipment  or  lands,  as  in  nearly  every  case  their  v  alue 
ceases  when  there  is  no  more  ore  to  mine.  The  purchaser  of 
such  a  mine  is  justified  in  paying  for  it  a  sum  that  will  be  re¬ 
turned  to  him  out  of  the  operating  profits  by  the  time  the 
mine  is  worked  out,  together  with  a  reasonable  profit.  As  the 
speculative  element  is  eliminated,  a  valuation  that  will  yield 
a  very  large  profit  is  not  justifiable. 

Exactly  the  opposite  condition  prevails  in  the  first  group. 
Here,  speaking  of  metal  mines,  the  property  has  a  supposed 
or  potential  value.  The  man  who  purchases  and  develops  it 
takes  a  very  considerable  risk,  and  if  he  buys  the  propeitj 
outright,  is  justified  in  paying  only  a  small  sum  for  it.  In 
most  cases  these  undeveloped  prospects  are  held  by  persons 
who  have  located  them,  but  have  not  the  means  to  develop 
them.  The  most  equitable  manner  in  which  to  arri\  e  at  a  fair 
valuation  to  both  buyer  and  seller  is  for  the  latter  to  give  an 
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option,  or  bond,  to  the  intending  purchaser,  giving  him  suffi¬ 
cient  time  to  prosecute  the  necessary  exploration  work  to  prove 
up  the  property.  In  other  words,  I  would  consider  the  value 
of  a  prospect  to  be  ordinarily  the  cost  of  doing  a  certain  amount 
of  development  work  on  it.  If  this  work  results  favorably  the 
value  is  greatly  increased,  the  purchaser  takes  over  the  prop¬ 
erty  and  makes  a  profit  on  his  purchase  price  plus  cost  ol  de¬ 
velopment  work,  and  the  seller  receives  a  return  considerably 
larger  than  he  could  have  obtained  from  the  sale  ol  the  un¬ 
developed  prospect.  If  the  results  ol  the  development  woik 
are  negative,  the  proposed  purchaser  loses  only  what  lie  has 
expended  for  development  work,  and  the  owner,  losing  nothing, 
or  practically  nothing,  knows  what  the  value  ot  his  giound  is. 

In  considering  mining  properties  of  the  second  gioup,  tin* 
conditions  combine  those  which  prevail  in  the  first  and  thiid. 
There  is  a  definite  tonnage  of  ore  that  can  be  measured  and 
sampled,  and  there  is  an  unknown  tonnage  of  undeveloped  ore. 
Such  properties  have,  however,  the  advantage  o\er  the  unex¬ 
plored  prospect,  in  that  the  development  work  that  lias  in¬ 
sulted  in  opening  up  a  material  tonnage  ot  ore  affords  definite 
information  in  regard  to  the  manner  of  ore  occurrence,  and 
is  a  much  more  accurate  guide  in  forming  an  opinion  as  to  the 
future  of  the  property  than  mere  surface  indications  can  give. 
The  value  of  properties  of  this  class  is  therefore  determined  by 
calculating  the  profit  that  will  be  derived  from  ore  that  can 
be  measured  and  adding  to  this  such  an  amount  as,  in  tin 
opinion  of  the  purchaser,  or  owner,  appears  to  be  justified. 
Needless  to  say  this  amount  usually  varies  widely  as  estimated 
by  the  owner  and  the  prospective  purchaser. 

As  the  value  of  a  mine  depends  upon  the  net  profits  that 
will  be  earned  during  its  life,  its  valuation  is  primal il\  a 
matter  of  calculating,  or  estimating,  the  average  grade  of  the 
ore,  percentage  of  values  that  can  be  recovered,  cost  of  pro¬ 
duction,  and  cost  of  development  and  equipment,  bearing  in 
mind  that  all  charges  against  the  property  must  be  liquidated 
out  of  the  earnings.  It  must  also  he  borne  in  mind  that  con¬ 
ditions  not  directly  incident  to  the  property  itself  may  ma¬ 
terially  affect  its  value.  For  instance  the  building  of  a  rail- 
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road,  a  smelter  or  a  commercial  hydro-electric  plant  may  make 
profitable  the  operation  of  a  mine  that  otherwise  would  be  idle, 
and  providing  these  facilities  adds  a  definite  value  to  the  mine. 
The  development  of  new  metallurgical  processes,  improved 
mining  methods,  or  more  efficient  machinery  may  also  make  it 
possible  to  operate  at  a  profit  a  mine  that  has  been  considered 
of  no  value,  or  may  add  materially  to  the  tonnage  of  ore  that 
a  mine  will  yield.  The  development  of  the  cyanide  process 
brought  numerous  gold  and  silver  mines  into  activity  that  had 
been  considered  too  low  grade  to  work,  and  at  the  present  time 
the  development  of  flotation  and  leaching  processes  give  pro¬ 
mise  of  having  an  equally  far  reaching  effect  on  the  copper 
and  zinc  industry.  Also  changes  in  the  price  of  metals  must 
not  be  lost  sight  of,  as  the  price  at  which  the  mine’s  output 
can  be  sold  is  of  the  most  vital  importance.  Many  millions  of 
dollars  in  revenue  were  produced  by  silver  mines  that  operated 
and  made  large  earnings  when  the  government  price  for  silver 
was  $1.2929  per  ounce,  when  the  same  mines  could  not  make 
expenses  under  present  prices. 

In  what  I  have  said  above  I  have  confined  myself  to  dis¬ 
cussing  the  elements  of  real  value  that  enter  into  a  mining 
property.  Other  items,  such  as  the  past  history  of  a  mine,  or 
the  district  in  which  it  is  located,  or  the  existence  of  profitable 
mines  adjacent  to  the  property  in  the  same  formation,  properly 
have  a  bearing  on  the  valuation  of  a  mining  property,  but 
these  items  must  be  considered  with  careful  scrutiny  as  they 
are  the  favorite  arguments  of  the  unscrupulous  promoter. 

The  valuation  placed  on  mines  which  is  expressed  by 
stock  exchange  quotations  on  shares  of  mining  companies  is 
frequently  quite  accurate.  Such  as  are  regularly  listed  on  the 
New  York  or  Boston  stock  exchanges,  and  which  issue  com¬ 
prehensive  reports  of  the  operations  of  the  companies  repre¬ 
sented,  offer  to  the  investor  securities  which,  while  yielding  a 
higher  average  return  than  railroad  or  industrial  stocks,  in¬ 
volve  no  materially  greater  risk.  Such  stocks  always  sell  lower 
as  the  properties  represented  approach  real  or  apparent  ex¬ 
haustion.  The  mining  share  market  is  subject  to  the  same 
fluctuations  due  to  financial  conditions,  and  manipulation,  that 


DISCUSSION — MINE  VALUATION 


211 


other  shares  are  subject  to  and,  in  addition,  prices  are  affected 
by  the  rise  and  fall  in  prices  of  metals.  As  a  rule,  however, 
I  believe  that  the  investor  who  buys  mining  stocks  in  times 
of  depression,  or  when  metals  are  selling  low,  i.  e.,  buys  at 
such  times  the  standard  dividend  payers  that  are  listed  on  the 
New  York  and  Boston  exchanges,  runs  little  or  no  greater  risk 
than  in  investing  in  any  other  line  of  securities  and  makes 
a  higher  profit  on  the  investment.  I  would  not  be  understood 
as  taking  the  position  that  mining  stocks  listed  on  the  above 
exchanges  are  the  only  good  mining  stocks  on  the  market,  but 
there  is  no  doubt  that  the  strict  rules  governing  listing  are  a 
great  safeguard  to  the  investor,  and  they  represent  the  kind 
of  mining  securities  that  are  safest  for  the  casual  investor. 

Mr.  S.  A.  Taylor  :*  The  paper  of  the  evening,  I  assume 
from  the  outline,  will  apply  largely  to  metal  mines  and  yet  I 
think  the  subject  as  applied  to  coal  mines  is  of  equal  import¬ 
ance,  and  in  this  immediate  locality  is  of  much  more  general 
interest  not  alone  on  account  of  the  financial  investment  but  on 
account  of  the  general  business  interest  which  is  so  necessary 
in  a  coal  mining  district.  Therefore  what  1  will  say,  will  be 
confined  to  '‘Coal  Mine  Valuation.” 

In  valuing  coal  properties,  it  is  necessary  to  differentiate 
between  the  raw  or  undeveloped  property,  and  the  equipped, 
or  going  mine. 

The  first  is  somewhat  analogous  to  the  prospect  for  a 
metalliferous  mine  in  that  as  nearly  as  possible  must  be  deter¬ 
mined  the  occurrences  of  the  coal  seams,  their  regularity  through 
the  area  under  consideration  and  the  thickness  of  the  seams,  in 
order  to  ascertain  the  available  tonnage,  the  character  of  the 
coal,  the  cost  of  land  equipment  and  mining,  the  locality  with 
reference  to  transportation  lines,  and  last,  but  by  no  means  the  * 
least,  the  markets,  whether  the  coal  can  be  mined  and  marketed 
at  a  profit,  for  notwithstanding  that  all  of  the  above  charac¬ 
teristics  may  be  found  to  be  favorable,  if  the  market  condi¬ 
tions  do  not  indicate  a  profitable  mining  proposition,  the 
proposition  has  little  financial  value. 
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The  second  phase  of  the  subject  above  mentioned  arises 
after  the  matters  pertaining  to  the  first  phase  have  been  as¬ 
certained  to  be  favorable  and  the  mine  opened  up  and  equipped 
for  producing  coal,  or  as  is  frequently  the  case,  has  been  m 
operation  for  some  time,  when  it  is  found  that  more  money  is 
needed  for  a  successful  operation  and  refinancing  ecomes 
necessary.  When  this  time  comes,  it  is  very  important  to  t  e 
investor  to  know  that  the  money  which  he  will  invest  is  secure  ; 
both  as  to  principal  and  interest,  whether  the  prmcipa  s  a  I 
be  invested  as  preferred  stock  or  bonds,  and  that  the  total  of 
such  securities  will  not  exceed  an  amount  that  the  mine  wou  d 
readily  sell  for,  in  case  it  became  necessary  to  realize  on  the 
securities.  In  addition  to  the  above  condition,  in  the  case  o  a 
bond  issue,  there  should  always  be  provided  a  inking  fund  of 
such  an  amount  as  will  readily  liquidate  the  amount  of  the  bonds 
and  still  leave  a  safe  margin  of  security  m  the  proper  y ;  a ^  er 
the  amount  necessary  to  liquidate  the  preferred  c  aims,  there 
should  still  remain  sufficient  margin  to  pay  the  holders  of 
common  stock  a  good,  fair  return  for  the  risk  taken  and  the 
time  put  into  the  enterprise.  From  the  above  statement  it  will 
be  at  once  apparent  that  to  have  a  good  mining  property  wo 
things  must  obtain.  First:  That  the  property  will  pay  back  all 
the  money  necessary  to  be  invested  to  make  a  successful  mine, 
with  a  fair  interest  thereon.  Second:  That  over  and  above  t  e 
first  requirement  there  shall  exist  a  margin  sufficient  to  war¬ 
rant  the  party,  or  parties,  who  are  competent,  to  devote  their 
time  to  the  enterprise,  and  if  both  these  conditions  are  not  found 
to  exist  with  some  degree  of  surety,  the  proposition  had  best 
remain  undeveloped  for  the  time  being  at  least.  1 

In  determining  the  above  facts,  each  engineer  follows  a 
slightly  different  method  of  procedure,  but  m  the  end  the  resu 
is  much  the  same  if  the  examination  has  been  thoroug  .  0  11 

end  and  in  order  to  guard  against  the  oversight  of  conditions 
and  equipment,  it  is  well  to  have  a  schedule  or  a  skeleton  of  4 
report  to  fill  in  which  when  complete  will  give  all  the  facts 
necessary  to  make  up  an  estimate  of  the  value  of  the  proper  y. 

The  outline  which  I  follow  is  as  follows:  1 
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(A)  Subdivision  of  lands — Determine. 

(A-l)  Location,  exactly  from  maps,  surveys,  or  any  accurate 

method  at  hand. 

(A-2)  Occurrence  of  coal  seams. 

Geologically,  persistency,  thickness  of  seam,  chemical  and  phys¬ 
ical  properties  of  the  coal,  whether  good  for  coke,  gas  production, 
steam,  splint,  domestic,  or  metallurgical  purposes.  To  do  this  it  will 
be  necessary  to  open  up  the  seams  of  coal,  if  above  drainage,  at  var¬ 
ious  points  on  the  property;  and  if  shaft,  diamond  drill  holes  should 
be  put  down  and  cores  taken  out ;  this  will  enable  the  investigator  to 
secure  levels  to  determine  the  lines  of  strike  or  dip  of  the  seams,  to 
secure  samples  for  the  determination  of  chemical  and  physical  prop¬ 
erties.  These  samples  should  always  include  an  equal  amount  of 
coal  from  bottom  to  top  of  the  seam  throwing  out  only  such  portions 
as  would  be  easily  excluded  in  the  every  day  operation  of  the  mine. 

(A-3)  Ascertain  all  available  information  relative  to  transpor¬ 
tation  facilities,  both  present  and  possible  for  use  in  the  near  future, 
as  well  also  freight  rates  to  the  markets— and  the  markets  themselves 
both  as  to  character,  quantity  and  desirability. 

(A-4)  If  the  property  is  virgin,  then  estimate  and  determine 
the  cost  of  opening  up  and  equipping  a  mine  of  such  capacity  as  will 
be  necessary  to  make  it  a  profitable  operation,  or  large  enough  to 
supply  the  market,  if  the  market  is  limited. 

(A-5)  If  the  property  is  an  operating  property,  then  proceed 
to  make  a  careful  estimate  of  the  value  thereof  as  follows: 

1.  Determine  value  of  land  both  surface  and  coal — owned  or 

leased. 

2.  Determine  value  oi  all  buildings  placed  upon  property  whether 
necessary  oi  not  (and  make  note)  especially  of  those  not  necessarv 
for  the  successful  operation  of  the  mine,  and  report  on  same. 

3.  Determine  value  of  improvements  such  as  mine  openings, 
shafts,  slopes,  etc.,  tipples,  railroad  tracks,  machinery,  above  ground 
or  outside  of  mine. 

4.  Determine  value  of  all  improvements  inside  of  mine,  such  as 
railroad  tracks,  mine  cars,  pumps,  motors,  etc.,  etc. 

5.  Determine  value  of  all  property  used  both  inside  and  out¬ 
side  of  the  mine. 

(A-C)  Miscellaneous  equipment  such  as  office  requirements  and 
small  accessories,  which  are  a  part  of  the  operation. 

(A-7)  Summary:  In  which  after  proper  values  are  given  and 
allowed,  the  Engineer  should  state  briefly,  (if  he  has  had  a  specific 
value  or  amount  of  valuation  to  be  reached  for  the  property),  whether 
the  propei  ty  is  a  good  investment  for  the  proposed  price,  or  just 
what  value  the  property  has,  if  his  problem  has  been  simply  to  as¬ 
certain  the  value.  He  should  also  state  whether  he  considers  the 
property  sufficiently  meritorious  to  warrant  its  development  and  any 
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other  matters  and  things  which  his  experience  would  dictate  that  he 
should  call  special  attention  toward  in  order  to  avoid  losses,  and  make 
the  investment  a  profitable  one  in  case  it  is  de\  eloped. 

Mr.  W.  L.  Affelder  :  I  would  like  to  ask  Mr.  Fohl  where 
he  got  his  figures  of  500  tons  per  annum  to  the  oven. 

Mr.  W.  E.  Fohl:  That  is  partly  derived  from  statistics 
of  the  United  States  Geological  Survey  carried  over  a  term  of 
twenty  years.  It  is  slightly  larger  than  those  statistics  would 
show  as  the  average  of  all  the  ovens  in  the  Connellsville  dis¬ 
trict  and  quite  a  little  less  than  the  standard  12)4  ft.  beehive 
oven  will  actually  produce.  It  is  an  attempt  to  take  into  ac¬ 
count  the  fluctuations  in  the  market,  that  is,  theie  aie  many 
years  in  which  ovens  can  not  he  run  full  and  this  500  ton  figure 
I  have  used  for  a  good  many  years  as  an  attempt  to  take  into 
account  the  fluctuations  in  the  trade.  I  know  o\ens  that  are 
producing  somewhere  around  1 00  tons  per  year  when  they  run 
full,  but  this  is  not  calculated  on  full  running  at  all  times. 

Mr.  W.  L.  Affelder  :  The  reason  that  I  asked  the  question 
was  that  the  standard  beehive  oven  today  will  produce  720 
tons  per  annum.  And  figuring  as  their  full  run  the  equivalent 
of  only  215  days  capacity  per  year  looks  to  me  as  rather  low 
figuring.  If  the  tonnage  had  been  figured  at  720  it  would  have 
made  the  interest  charge  41c  instead  of  59c  per  ton.  I  am  in¬ 
clined  to  believe  that  the  figure  of  215  days  for  a  year’s  oper¬ 
ation  is  a  little  low.  Not  that  I  intend  to  criticise  Mr.  Fohl’s 
paper,  because  I  think  it  is  an  unusually  good  one. 

Mr.  W.  E.  Fohl:  I  hope  Mr.  Affelder  will  take  into  ac¬ 
count  that  those  figures  were  obtained  on  a  life  of  forty  years, 
and  there  are  many  exigencies  in  the  coke  trade  during  forty 

years  of  life. 

The  Author  :  The  several  gentlemen  who  ha"\  e  contributed 
to  the  discussion  have  brought  up  several  points  that  I  think 
may  be  of  general  interest.  While  the  taxation  of  mines  is 
not  necessarily  a  matter  of  valuation  of  mines  except  indirectly, 
yet  I  would  like  to  say  in  regard  to  Mr.  Rice’s  comments  that  I 
think  he  is  right.  The  question  put  up  to  me  in  the  Michigan 
case  was  not  “What  do  you  think  would  be  a  fair  basis  of 
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valuation  or  of  taxation”,  but  “What  do  you  think  these  mines 
are  worth?”  They  wanted  to  value  a  mine  just  as  they  would 
value  a  house,  put  a  value  on  it.  I  answered  it  this  way:  “As 
far  as  I  can  make  out  this  mine  will  last  so  long  that  if  you 
want  5  percent  on  your  money,  if  that  is  enough  for  it,  its 
value  would  be  about  so  and  so.  "  Personally  I  do  not  believe 
in  taxing  mining  properties  that  way.  I  forget  what  they  call 
it,  ad  valorem  taxation,  when  it  is  based  on  a  specific  valuation. 
I  think  on  the  whole  it  would  be  better  to  tax  mines  on  an  in¬ 
come  basis,  particularly  metal  mines.  While  you  can  say  cer¬ 
tain  things  about  the  life  of  a  mine,  after  all  it  is  always  a 
problem.  In  999  cases  out  of  1000  the  actual  profitable  life  of  a 
metal  mine  is  really  uncertain. 

You  ma3r  take  this  point  of  view',  that  even  an  unsuccessful 
enterprise  may  employ  a  good  many  people,  and  it  may  take  a 
considerable  investment,  and  it  owes  something  to  the  state  for 
the  protection  it  receives  for  that  property  while  they  are  using 
it.  Nevertheless  it  seems  to  me  that  until  a  mine  is  absolutely 
profitable,  until  it  is  paying  dividends,  its  property  should  be 
taxed  on  a  very  nominal  basis,  a  small  value  put  on  its  improve¬ 
ments  while  it  is  in  use.  But  if  a  mine  makes  a  great  deal  of 
money  and  becomes  very  profitable,  then  it  seems  to  me  that  it  is  a 
fair  thing  that  it  should  contribute  more,  it  should  contribute  a 
portion  of  its  earnings  to  the  state.  Several  western  states  have  a 
system  of  taxation  which  amounts  to  this;  that  the  mine  makes  a 
statement  of  how  much  its  gross  receipts  are  and  also  what  its 
gross  expenditures  are,  all  expenditures  whether  they  are  plant 
or  anything  else,  except,  perhaps  the  purchase  of  new  property. 
Even  if  it  spends  a  lot  of  money  for  improved  equipment,  that 
is  all  deducted  just  as  the  operating  expense.  From  the  excess 
of  receipts  over  expenditures  a  certain  percentage  is  deducted 
for  taxation.  That  does  not  injure  any  one.  In  prosperous 
years  when  a  mine  makes  more  money  it  pays  more  taxes.  Tn 
bad  years  when  it  does  not  make  much  money  it  does  not  pay 
so  much  in  taxes.  I  think  that  is  a  fair  wray  to  get  at  it. 

When  it  comes  down  to  coal  it  does  not  seem  as  if  that 
plan  would  be  altogether  satisfactory.  If  you  only  tax  the 
profitable  coal  mines  and  do  not  tax  the  unprofitable  ones  T 
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think,  in  a  good  many  cases,  you  would  simply  be  taxing  good 
management,  taxing  the  good  manager  and  not  taxing  the  poor 
one,  because  coal  lies  usually  so  uniform,  I  suppose,  and  the  pro¬ 
ducts  are  of  such  uniform  character  that  the  question  of  profit 
is  simply  a  question  of  management,  either  financial,  or 

technical  or  both. 

But  when  you  come  to  another  phase  of  the  mining  busi¬ 
ness,  some  of  the  points  brought  up  by  Mr.  Linton  strike  me  as 
worthy  of  comment.  Let  no  one  think  that  any  kind  of  valu¬ 
ation  whatever  is  a  fixed  thing.  There  is  absolutely  no  such 
thing  in  the  world  as  a  fixed  value  for  anything.  I  do  not  think 
gold  has  a  fixed  value.  Sometimes  it  will  buy  more  of  the 
average  commodity  than  at  other  times.  It  is  an  absolute 
certainty  that  any  estimate  you  may  make  of  value  of  any  sort 
of  property,  real  estate,  mining  properties,  railroad  stock  or 
government  bonds,  is  due  to  fluctuate  according  to  the  market. 
You  get  fluctuation  from  financial  conditions.  When  people 
want  money  more  than  they  want  property  they  will  sell  the 
property  for  less.  Then  in  the  case  of  mines  there  is  bound 
to  be  a  fluctuation  of  value  according  to  the  condition  of  the 
property,  the  rate  of  development,  whether  the  ore  is  being 
found  in  larger  quantities  than  expected  or  not.  That  always 
influences  people’s  opinions  and  is  a  fundamental  thing  which 
causes  people  to  buy  or  sell  and  is  bound  to  affect  values. 

I  quite  agree  with  Mr.  Linton’s  division  of  mining  proper¬ 
ties  into  three  classes,  prospects,  partially  developed  mines,  and 
fully  developed  mines,  although  I  must  say  that  the  fully  de¬ 
veloped  mines  are  very  scarce.  I  never  saw  one.  I  think 
you  can  make  this  generalization,  that  scanty  ore  deposits,  the 
kind  you  find  in  prospects,  are  usually  less  valuable  than  they 
appear  to  he.  There  is  generally  less  there  than  you  might 
think  from  the  general  indications.  But  a  good  mine  is  almost 
invariably  bigger  than  it  appears.  You  might  say  there  is  a 
certain  injustice  in  valuing  a  mine  on  more  than  there  is  m 
sight.  The  thing  Mr.  Kice  brought  up  is  a  very  good  point, 
referring  to  taxation,  in  that  taxation  of  a  mine  on  its  reserves 
is  apt  to  discourage  the  development  of  ore  bodies.  But  if  there 
is  anything  in  the  world  that  is  absolutely  certain  it  is  that  a 
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metal  mine  if  it  is  any  good  at  all  is  worth  more  than  it  seems 
to  be  worth  at  any  particular  time.  Personally  1  have  very 
little  use  for  the  report  of  a  mining  engineer  which  is  strictly 
confined  to  conventional  terms  and  conventional  measurements 
of  ore  in  sight.  Mining  is  not  a  manufacturing  business  in 
which  you  can  determine  accurately  the  factors  you  have  to  deal 
with.  It  is  an  art.  It  is  an  art  in  which  personal  judgment, 
ability,  experience,  play  an  enormous  part.  As  I  become  older 
it  seems  to  me  that  there  is  something  about  a  mine  that  you 
can  sort  of  feel.  There  is  something  about  it  that  gives  you  a 
feeling  that  you  are  in  the  presence  of  a  big  mineralization,  or 
sometimes  you  get  the  feeling  that  you  are  in  the  presence  of  a 
false  alarm.  And  that  instinctive  understanding  of  the  thing 
I  think  is  the  result  of  long  experience.  For  my  part  I  have 
an  absolutely  different  view  of  the  outlook  of  the  average  mine 
than  I  had  ten  years  ago.  I  will  give  you  the  reasons  why  I 
have  a  different  view.  Ten  or  twelve  years  ago  I  was  at  the 
Portland  mine  in  Cripple  Creek,  Col.  Just  before  T  left  I 
asked  the  mining  engineer,  the  surveyor  there,  to  make  an  esti¬ 
mate  of  how  much  ore  was  in  sight.  That  was  what  he  was 
always  talking  about.  He  made  an  estimate  and  handed  i(  in 
and  it  read  something  like  this.  There  are  225  000  tons  of  crude 
ore,  which  would  yield  90  000  tons  of  shipping  ore.  Well  that 
was  eleven  years  ago.  I  knew  then  that  that  mine  would  pro¬ 
duce  more,  but  I  did  not  know  how  much  more  Eleven  years 
ago  the  mine  was  producing  at  the  rate  of  about  90  000  or 
100  000  tons  a  year  of  shipping  ore.  There  were  90  000  tons  of 
ore  in  sight,  remember.  That  mine  has  produced  90  000  tons 
of  ore  every  year  since.  That  is  eleven  years  instead  of  oik*. 
And  it  has  done  it  in  the  very  area  that  was  considered.  There 
have  been  no  further  great  developments.  The  mine  has  got 
deeper  but  to  no  great  extent  and  the  general  area  of  explora¬ 
tion  has  increased  very  little  indeed.  At  that  time  l  think  there 
was  something  like  forty  miles  of  workings  in  the  mine. 

Then  there  was  another  case,  the  Goldfield  Consolidated. 
When  I  went  there  about  four  years  ago  I  discovered  that  there 
was  only  about  ll/2  years  of  ore  in  sight,  only  about  400  000  tons 
measured  in  a  mathematical  way.  Of  course  I  knew  there 
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would  be  more,  but  that  was  all  there  was  in  sight.  But  I  was 
so  convinced  that  it  would  last  longer  that  I  remember  saying 
to  the  directors,  “I  think  you  are  perfectly  safe  in  figuring  on 
a  five  year  life  in  that  property.”  While  they  could  not  ex¬ 
pect  that  the  mine  would  produce  as  much  or  as  rich  ore  for 
five  years,  it  would  be  running  five  years  and  the  thing  to  do 
was  to  spend  money  while  the  mine  was  a  bonanza  to  provide 
for  a  time  when  it  would  not  be  so  easy  to  spend  it.  Well  four 
years  have  gone-  and  I  notice  today  from  the  reports  no  decrease 

in  tonnage.  It  is  still  profitable. 

About  four  vears  ago  I  was  asked  to  make  a  discussion  of 

what  could  be  expected  of  the  Phelps-Dodge  group  of  properties 
in  Arizona.  These  are  copper  mines.  I  never  saw  them  but  1 
knew  about  them  geologically  and  read  descriptions  and  saw 
their  records  and  knew  what  was  in  sight.  W  ell  the  figure  that 
it  seemed  to  me  it  would  be  fair  to  value  these  mines  at  was  a 
minimum  life  of  five  years.  That  is  in  the  case  of  the  Copper 
Queen  where  there  was  only  three  years  ore  in  sight.  A  maxi¬ 
mum  life  of  ten  years,  figuring  on  the  average  price  of  copper, 
etc.  I  well  remember  I  really  did  think  from  what  I  knew  of 
those  deposits  that  five  years  would  be  just  about  all  there  was 
in  the  Copper  Queen,  because  there  were  other  mines  below  in 
the  dip.  I  do  not  know  much  about  the  present  state  of  the 
mines,  or  the  developments,  but  I  notice  that  the  output  has 
been  increasing  every  year  since  and  I  think  the  chances  aie 
very  much  in  favor  of  the  mine  lasting  a  good  deal  more  than 
five  years  and  a  good  deal  more  than,  ten  years. 

There  was  a  neighboring  mine,  the.  Calumet  and  Arizona 
that  never  did  have  very  much  ore  in  sight  but  it  works  right 
along.  Where  the  mineralization  is  strong  you  are  taking  pretty 
big  chances  in  saying  that  it  will  play  out  in  a  certain  time. 
It  generally  does  not. 

I  will  give  you  another  case  absolutely  to  the  point.  Down 
in  southeastern  Missouri  there  are  some  great  lead  mines,  much 
more  important  than  one  would  suppose  from  the  little  that  is 
said  about  them.  It  is  the  greatest  lead  producing  district  in 
the  world,  producing  as  much  as  the  whole  of  Mexico,  or  Ger¬ 
many,  or  Australia.  Yet  it  is  all  produced  by  four  companies 
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that  the  public  never  hears  about  at  all.  Mining  is  done  on  a 
urge  scale  and  done  very  well.  There  is  one  mine  down  there 
that  was  started  fifty  years  ago  by  the  present  company,  the  St. 
Joseph  Lead  Co.  It  was  bought  in  in  1865.  It  had  been  work- 
e  on  t  le  surface  for  I  don’t  know  how  many  years  before.  In 
recent  years  the  mine  had  been  doing  very  badly.  It  was  not 
very  well  managed  for  one  thing,  but  it  had  produced  10  000  000 
tons  of  ore  and  400  000  tons  of  pig  lead.  That  is  a  big  output 
and  the  mine  looked  bigger  than  an  ordinary  mine  that  had 
produced  that  much  because  in  that  limestone  the  ore  is  all 
taken  out  of  large  chambers  and  the  roof  supported  bv  pillars 
so  that  the  whole  space  left  by  the  10  000  000  tons  is  still  there 
And  that  is  some  space.  The  record  of  the  mine  was  that  it 
had  produced,  at  a  guess.  80  lb.  of  lead  to  the  ton  in  1900 
<0  lb.  to  the  ton  in  1910,  60  lb.  in  1911,  50  lb.  in  1912.  and 
a  the  beginning  of  1913  it  had  gone  down  to  45  lb.  per  ton. 

cost  of  mining  it  had  gone  up  until  the  mine  was  absolutely 
unprofitable.  I  remember  saying  to  the  man  who  was  man¬ 
aging  e  mine  that  I  did  not  believe  it  was  worth  while  to  pay 
much  attention  to  it.  I  did  not  think  that  mine  was  any  good 
It  had  all  the  ear  marks  of  a  property  that  was  on  'its  last 
legs.  1  on  know  people  in  the  mining  business  depend  a  great 
ea  on  leir  optimism.  A  mine  is  usually  worked  for  inter¬ 
minable  years  after  it  has  ceased  to  pay.  But  the  man  who  was 
running  e  mine  said,  “I  have  been  through  that  mine  and 
eie  are  a  good  many  things  about  it  which  make  me  believe 
that  it  has  run  down  simply  on  account  of  bad  management  ” 

wavand6  *  -7  *°  g°  and  look  at  ^  mine  any 

way  and  examine  it  as  carefully  as  I  could.  Frankly  I  thought 

he  icsult  would  be  that  I  would  simply  tell  this  man  I  disagreed 

vith  lnm.  But  several  things  convinced  me  that  it  was  worth 

Fi°„a7ly  T  TI’ere  WGre  3  '0t  °f  dri11  holes  there>  «nd  so  on. 
Final  y  I  was  convinced  that  the  superintendent  was  right 

i  was  a  case  of  bad  management  and  the  thin"  could  be 
ta-h,  and  „.d,  „  p„«„ 

ealize  that  when  a  man  takes  that  point  of  view  and  it  is  a 
erious  report  where  they  are  going  to  spend  money,  he  is  !ak 
g  serious  responsibility.  He  has  got  to  know  what  he  is 
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talking  about.  The  whole  facts  are  that  this  young  man  who 
was  running  the  mine  made  the  thing  come  up  right  away. 
He  was  able  to  produce  ore  which  was  better  each  month.  They 
were  working  three  shafts,  but  they  found  so  much  ore  it  was 
only  necessary  to  work  one  shaft,  the  original  shaft  that  they 
started  fifty  years  ago.  The  grade  of  the  ore  has  gone  up  to 
66  lb.  to  the  ton,  and  I  believe  with  proper  metallurgical  recovery 
it  can  be  brought  up  to  80  lb.  The  cost  of  mining  instea.d  of 
being  $1.15  has  been  reduced  to  70c  a  ton.  The  fact  is  that  the 
lead  from  that  department  is  being  produced  for  only  40  per¬ 
cent  of  the  cost  of  a  year  ago.  In  the  cost  of  mining  alone  $30 
has  been  cut  off  of  the  price  of  the  pig  lead.  And  the  drilling 
that  has  been  done  in  the  last  year  shows  that  it  is  not  only  a 
good  mine  but  it  has  a  long  life  ahead  of  it.  When  you  come 
down  to  brass  tacks  about  the  mining  business  it  is  very  unsafe 
to  take  information  on  the  capital  points  at  second  hand.  I 
do  not  think  it  is  possible  for  the  average  man  to  keep  track  of  a 
great  many  mines.  If  he  is  investing  his  money  in  them  he  can 
not  watch  all  the  mines  in  the  country  because  they  will  get  away 
from  him,  they  will  keep  changing.  And  after  all  the  main 
factor  in  the  valuation  of  mines  is  how  much  ore  can  be  de¬ 
pended  upon,  and  in  the  final  analysis  the  estimate  of  that  is 
very  largely  a  question  of  judgment  and  experience  and  not  of 
concrete  mathematical  facts.  I  thank  you  for  the  attention  you 
have  given  to  this  dry  subject. 
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(Published  in  the  Mai  eh,  1914,  issue  of  the  Proceedings  of  the  Socletv 

Vo!.  30,  No.  2.) 


discussion 

In  the  Proceedings  of  the  Engineers’  Society  of  Western 

«enS“w VoL  30,  Xo'  2‘  March>  1914’  the  paper  read  t*y 

Sir  William  Willcocks  on  “How  the  Ancients  would  have  Con¬ 
trolled  the  Mississippi  and  its  Tributaries”  contains  certain 

references  to  the  report  of  the  Flood  Commission  of  Pittsburgh 
Penna.  ’ 

The  privilege  of  an  engineer  to  discuss  the  work  and  opin¬ 
ions  of  his  professional  brethren  is  well  known  and  this  may 
even  become  a  duty  if  differing  profoundly  upon  important 
public  policies,  affecting  the  safety,  health  and  general  welfare 
of  the  people.  There  is,  however,  a  duty,  fully  as  grave  and 
customarily  imposed,  and  that  is  that  one  shall  completely  in¬ 
form  himself  before  criticising  the  position  and  opinions  of 
others.  This  is  particularly  true  and  the  duty  is  all  the  more 
important  when  the  critic  occupies  a  world-wide  position  of 
renown  and  international  standing  in  the  profession. 

As,  in  this  address  delivered  at  the  invitation  of  the  En¬ 
gineers’  Society,  certain  statements  appear  to  attack  the  meth¬ 
ods  and  findings  of  the  engineering  work  of  the  Pittsburgh  Flood 
Commission  the  members  of  the  Engineering  Committee  believe 
it  a  duty  to  the  profession,  as  well  as  to  their  associates  on  the 
Commission,  to  answer  the  sensational  criticisms  contained  there¬ 
in.  the  remarks  of  the  author  evidently  were  not  based  upon 
an  accurate  reading  of  the  Flood  Commission  report.  Had  he 
carefully  read  and  considered  such  report  or  obtained  correct 

♦Consulting  Engineer,  Cairo,  Egypt. 
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information  in  relation  thereto,  it  is  believed  that  his  views 
upon  the  matter  of  flood  control,  as  applied  to  our  local  rivers, 
would  have  been  materially  modified. 

(1)  The  author  undertakes  to  impress  his  readers  that  his 
opinions  were  based  upon  personal  observations  and  at  the 
same  time  to  lodge  a  charge  of  incomplete  investigation  against 
those  who  have  been  responsible  for  the  Flood  Commission  Re¬ 
port.  For  instance  he  says  on  page  128 : 

“I  never  saw  such  bad  looking  stuff  for  reservoirs  and  I  found  that 
no  one  had  bored  down  one  foot  to  see.” 

As  a  matter  of  fact  the  author  never  visited  a  single 
reservoir  site  and  fails  to  show  the  source  of  information, 
hearsay  or  otherwise,  upon  which  he  was  relying  for  his  ex¬ 
travagant  statements.  Upon  the  other  hand,  members  of  the 
Engineering  Committee  of  the  Pittsburgh  Flood  Commission 
visited  the  site  of  each  proposed  dam  and  satisfied  themselves 
fully  as  to  the  presence  of  natural  rock  foundation. 

(2)  Again  on  page  128  the  author  says: 

“And  your  condition  is  such  that  if  you  had  a  high  flood  and  a 
reservoir  with  150  foot  head  on  the  hills  above  you  and  it  happened 
to  breach  and  come  on  top  of  the  flood,  all  of  the  disasters  you  know 
of  today  would  be  but  child’s  play.  And  if  you  had  two  in  the  same 
valley  and  the  upper  one  burst  and  came  down  on  the  lower  one,  and 
the  two  came  together,  you  might  open  the  early  chapters  of  Genesis 
and  begin  reading  about  Noah’s  flood  to  comfort  you.” 

The  purpose  of  the  author’s  pleading  is  not  clear.  If  he 
is  adverse  to  dams  of  150  feet  or  more  in  height  because  these 
are  dangerous,  we  respectfully  call  attention  to  the  fact  that 
the  highest  dam  proposed  by  the  Commission  is  143  feet  in 
height  and  the  average  of  the  seventeen  dams  proposed  is  93 
feet.  However,  we  further  note  that  there  are  several  dams 
in  this  country  of  more  than  200  feet  in  height  and  the  Na¬ 
tional  Government  is  now  engaged  in  the  construction  of  a  dam 
of  350  ft.  in  height  on  the  Boise  River  in  Idaho.  Height 
simply  requires  adequate  design  and  strength. 

(3)  Upon  page  127  of  the  paper  the  following  statement 
occurs : 

“  This  horizontal  sandstone  you  have  here  and  shale  in  alternating 
strata  is  considered  the  worst  foundation  for  reservoirs  of  anything 
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in  the  world.  More  accidents  to  big  reservoirs  have  happened  on  it 
than  any  other.  If  the  strata  are  inclined  at  a  steep  angle  and  you 

build  jour  dam  on  it,  it  rests  on  the  hard  particles  and  the  weak 
strata  are  more  or  less  ignored.” 


As  the  author  very  shrewdly  abstains  from  giving  definite 
information  as  to  who  holds  these  absurd  opinions  as  to  our 
local  geological  conditions  and  as  we  are  addressing  those  who 
have  knowledge  of  these  matters,  comment  is  unnecessary. 

(4)  Upon  page  128  the  author  states: 


n  your  book  you  show  that  you  spent  money  on  many  things, 
but  not  one  penny  to  show  what  your  foundations  are  and  all  the  rest 
ot  it  is  worth  nothing  until  you  are  sure  of  your  foundation.  You 
ought  to  spend  some  $10,000.  for  drills  and  take  two  of  the  nearest 
sites  and  expose  the  foundation  and  see  if  you  can  build  a  dam  there, 
it  you  hnd  real  good  foundation  your  difficulties  will  be  at  an  end.” 

Engineers  of  ability  and  experience  engaged  upon  a  pre¬ 
liminary  study  and  general  design,  judge  by  the  surrounding 
out-cropping  rock,  which  indicates  geological  conditions  Thus 
the  feasibility  of  location  is  determined  and  customarv  allow¬ 
ance  made  in  estimates  of  costs  for  depths  of  foundations.  Later 
drillings  will  determine  actual  design  and  depth.  Without 
undertaking  to  give  detail  answer  to  this  criticism  and  show 
how  the  money  was  spent,  all  of  which  is  stated  in  the  report 
thus  mentioned,  the  engineers  of  the  Flood  Commission,  after 
personal  inspection  of  the  sites,  considered  that  it  was  un¬ 
necessary  to  spend  any  money  for  borings  for  the  purpose  of 
their  preliminary  report.  But  it  goes  without  saying  that  be¬ 
fore  actual  sites  would  be  determined  and  building  begun  such 
borings  would  of  course  be  made  by  those  responsible  for  the 
design  and  construction. 

(5)  Upon  page  127  it  is  further  stated: 


In  a  recent  book  which  you  have  written  on  this  reservoir  ques¬ 
tion  I  see  that  the  quantity  of  water  you  consider  necessary  to  im- 
pound  in  these  reservoirs  seems  to  be  in  excess  of  what  you  need.  In 
all  the  calculations  it  has  been  assumed  that  when  the  river  rises,  its 
ischarge  increases  up  to  its  maximum  stage.*****  As  in  all  these 
estimates  you  have  allowed  for  an  increasing  discharge  and  not  re¬ 
duced  by  half  for  the  falling  gauge,  a  much  smaller  quantitv  of  water 
han  you  have  assumed  would  I  think  suffice  to  shelter  you  from  these 
hours  of  high  flood  which  produce  all  the  worry.” 
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This  appears  to  be  a  criticism  of  the  use,  by  the  Flood  Com¬ 
mission  Engineers  in  their  report,  of  a  greater  factor  of  safety 
than  the  author  thinks  necessary.  It  may  he  stated  that  the 
hydraulic  measurements,  upon  which  the  quantities  were  de¬ 
termined,  were  based  upon  the  careful  methods  of  the  United 
States  Geological  Survey  and  of  the  Pennsylvania  Water  Supply 
Commission  and  many  of  the  stations  were  operated  in  co¬ 
operation.  Full  and  complete  allowances  were  made  in  the 
rating  curves,  notwithstanding  the  above  quoted  comment,  for 
the  fact  that  river  velocities  are  not  the  same  upon  rising  and 
falling  stages.  This  statement  can  be  verified  by  reference  to 
the  rating  diagrams  in  the  report. 

(6)  The  weakness  of  the  author  s  paper  and  of  the  appar¬ 
ent  criticisms  of  the  Flood  Commission’s  report  are  due  to 
two  facts:  The  opinions  expressed  in  the  report  were  based 
upon  five  years'  study  by  engineers  who  possessed  full  knowl¬ 
edge  of  local  circumstances  and  who  therefore  do  know,  whereas 
the  remarks  of  the  author  emanated  from  a  necessarv  cursory 
and  hasty  examination  of  the  subject  and  conditions. 

(7)  The  engineers  of  the  Pittsburgh  Flood  Commission 
have  the  highest  appreciation  of  the  professional  and  ethical 
responsibility  of  opinions  upon  such  a  question  as  flood  control 
and  regret  that  so  eminent  an  engineer  should  undertake  to 
speak  to  the  world  upon  such  an  important  subject  without  fully 
informing  himself  as  to  the  data  from  which  he  draws  his  con¬ 
clusions. 


Geo.  S.  Davison, 
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Mr.  Thos.  P.  Roberts*:  We  are  accustomed  to  having 
America  ‘done  up”  by  English  travelers  after  a  week’s  tour 
of  the  land,  but  never  before  Sir  William  Willcocks  has  there 
appeared  an  engineer  visitor  from  abroad,  who,  like  him,  spent 
several  days  in  the  Mississippi  Valley,  two  days  at  Pittsburgh 
and  then  by  rapid  fire  methods,  proceeded  to  tell  a  large  au¬ 
dience  how  much  behind  the  ancient  engineers  of  Egypt  and 
Assyria  the  Americans  are. 

Sir  William,  in  addition  to  his  engineering  accomplish¬ 
ments,  which  are,  in  certain  directions,  of  a  high  order,  is  also 
a  wit,  and  perhaps  this  wit  is  a  weak  point  in  his  armour,  for 
“cold  facts",  such  as  the  vast  majority  of  engineers  are  called 
upon  to  deal  with,  cannot  well  be  made  more  palatable  with  any 
spice  of  wit  or  even  Attic  salt.  But  who  can  blame  the  dis¬ 
tinguished  traveler?  He  has  learned  that  a  mixed  audience  al¬ 
ways  enjoys  humor,  no  matter  what  the  size  of  the  dose.  He 

will  entertain,  even  if  he  sometimes  fails  to  instruct  his 
auditors. 


The  traveler,  while  on  the  Mississippi,  obtained  a  fairly 
gooa  idea  of  the  characteristics  of  the  great  river,  and  also 
some  understanding  of  the  nature  of  the  problems  engaging  the 
attention  of  the  U.  S.  Engineers.  His  remarks  concerning  the 
river  are  interesting,  although  not  thoroughly  consistent  It 
would  have  been  better  for  him  had  he  taken  more  time  for 
study  and  conference  with  the  engineers  in  charge  of  operations. 

The  same  general  remark  applies  to  Sir  William’s  observa¬ 
tions  of  river  conditions  and  problems  in  the  Pittsburgh  district. 
Overlooking  his  occasional  mistakes,  however,  one  cannot  help 
but  admire  his  quickness  to  grasp  situations. 

The  present  writer  fully  agrees  with  him  as  to  the  Pitts¬ 
burgh  Flood  problem  on  the  following  points. 

First :  That,  if  reservoirs  are  to  be  built,  they  should  be 
located  as  near  the  city  as  possible.  Bocal  storms  (as  was 
shown  by  the  March  1907  flood)  so  far  below  many  of  the  pro¬ 
jected  reservoirs,  resulted  in  the  highest  flood  ever  recorded  at 
Pittsburgh.  While  for  such  rain  storms  as  visited  Ohio  and 
Indiana  in  1913,  averaging  fully  8-inches  precipitation  over  ex¬ 
tended  areas,  would,  if  they  had  occurred  in  the  water  shed 

*U.  S.  Engineer  Office,  Pittsburgh. 
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above  Pittsburgh,  have  called  for  the  accomplishment  of  the 
impossible.  For  nice  well  behaved  storms  over  the  “  protected 
areas” — with  not  too  much  precipitation,  something  can  be 
done  with  reservoirs. 

Second :  Sir  "William’s  advice  not  to  count  on  flood 

reservoirs  being  made  also  available  for  power  purposes,  is  sound 
and  sensible. 

Third :  His  advice  to  raise  the  streets  and  low  lying  dist¬ 
ricts  in  preference  to  relying  upon  flood  storage  reservoirs,  is 
also  sound,  and  is  being  put  in  practice  by  the  City  of  Pitts¬ 
burgh.  In  fact,  on  these  points,  Sir  William  appears  to  be  fully 
in  accord' with  the  opinions  of  all  the  American  river  engineers 
who  have  given  the  flood  problems  along  large  rivers  any  con¬ 
siderable  attention. 

The  present  writer  cannot  agree  with  Sir  William  on  cer¬ 
tain  other  topics. 

Thus  he  entertains  the  notion  that  the  filling  out  of  the 
banks  of  our  rivers  to  the  established  U.  S.  Harbor  lines  has 
resulted  in  increase  in  height  of  floods  with  given  volumes  of 
discharge.  Before  lending  his  name  to  such  an  assumption,  it 
would  have  been  well  had  he  first  informed  himself  as  to  what 
was  the  old,  or  “ natural”,  condition  of  our  rivers.  In  connec¬ 
tion  with  this  he  should  have  considered  the  mean  bed  slope  of 
the  streams,  and  the  velocities  imparted  to  the  currents  from 
various  causes,  aside  from  the  bed  slope.  He  should  have 
thought  of  the  fact  also,  that  Pittsburgh  is  located  between  two 
rivers  of  given  discharging  capacity  which  unite  to  make  one 
river  with  a  discharging  capacity  equal  to  the  two  flood  pro¬ 
ducers. 

Thus,  when  our  two  rivers  are  simultaneously  in  flood  stages, 
the  Ohio  also  is  ‘‘bank  full”  and  consequently  we  have 
velocities  passing  Pittsburgh  due  to  the  mean  river  bed  slopes 
which  velocity  is  seldom  over  5 y2  miles  per  hour.  Such  was  the 
case  during  our  very  highest  flood  in  March  1907. 

Now  as  against  this  we  may  have  floods  from  one  arm  of 
the  Ohio,  such  as  occurred  on  the  Monongahela  in  1888,  which 
50  miles  up  the  river  was  44  feet  deep,  yet,  when  it  reached 
Pittsburgh,  was  reduced  to  about  23  feet,  but  with  a  velocity  of 
8  miles  an  hour.  Its  steep  slope,  commencing  20  miles  above 
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the  city,  was  due  to  the  fact  that  the  extra  capacity  of  the 
Ohio  to  discharge  it  was  able  to  take  care  of  the  water  at  but 
little  over  half  (Ohio  River)  flood  depth.  At  its  23  feet  depth 
at  Pittsburgh,  the  flood  of  1888  from  the  Monongahela,  was 
discharging  fully  as  much  as  it  discharged  with  35  feet  depth, 
during  the  1907  flood. 

Now  for  the  ‘  ‘  moral  ’  ’  disclosed  by  these  facts.  Sir  William  ’s 
attention  was  drawn  to  the  case  of  the  Monongahela  river,  which 
is  narrowed  at  South  10th  St.  where  three  spans  of  the  old 
bridge ^had  been  filled  in,  narrowing  the  river  at  said  point  to 
about  750  feet  as  compared  with  about  950  feet  above  and  be¬ 
low  10th  St.  A  very  careful  line  of  levels  was  carried  along 
our  rivers  for  miles  after  the  March  1907  flood,  noting  numerous 
high  water  marks,  etc.  According  to  these  observations,  the 
contraction  at  10th  St.  caused  a  local  rise  of  only  about  4 
inches.  Besides  the  contraction,  it  is  proper  to  note  there  were 
also  four  or  five  piers  of  the  old  bridge  helping  to  obstruct  the 
free  flow  of  the  water.  (There  was  some  local  deepening  of  the 
river  section  between  the  bridge  piers).  Such  was  the  effect 
of  the  obstruction  with  a  five  mile  per  hour  current. 

*7  hild  th;  ,current  been  8-mles  an  hour,  as  it  was  in 
1888,  the  effect  of  the  obstruction  at  10th  Street  would  have  been 

very  much  more,  but,  as  has  been  stated,  the  flood  being  onlv 
23  feet  deep  m  1888,  its  effect  at  the  bridge  was  doubtless  much 
more  The  local  fall  may  have  been  one  and  a  half  feet  through 

?Ce ,  aT  200  fe6t  The  CUrrent  was  velT  swift  in 
1888;  breaking  boats  from  their  moorings,  which  were  wrecked 

on  bndge  piers,  so  that  this  low  water  flood  resulted  in  damages 

to  boats  amounting  to  very  much  more  financial  loss  than  ever 

resulted  from  any  of  the  high  floods.  The  point  is  that  velocities 

have  very  much  to  do  with  the  effect  of  obstructions,  and  we 

do  not  have  very  great  velocities  when  the  Ohio  is  at  high  flood 

ge.  Records  of  floods  going  back  to  the  time  of  the  first 

settlement  at  Pittsburgh  by  the  French  in  1754,  and  later  while 

the  country  was  still  a  virgin  forest,  indicate  no  progressive  in 
crease  m  the  height  of  floods.  *  m 

wo  ^  th®lr  ongmal  condition  the  Monongahela  and  Ohio  rivers 
ere  noted  for  their  caving  banks.  Fallen  trees  became  respon- 

le  for  snag  piles,  and  these  made  sand  bars,  all  resulting  in 
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creating  eddies  and  cross  currents,  more  or  less  obstructive  to 
the  free  discharge  of  water.  The  Monongahela  is  considerably 
deeper,  as  a  whole,  than  in  early  times,  which  is  manifest  from 
the  fact  that  the  new  locks,  recently  completed,  have  their  miter 
sills  arranged  for  8-foot  depth,  whereas  the  old  locks,  with  pre¬ 
cisely  the  same  height  of  dams ,  permitted  only  a  low  water  draft 
.  of  six  feet. 

Sir  A\  illiam  was  led  into  an  error  by  observing  loose  stones 
along  the  water  edge  of  our  rivers,  which  he  called  “shingle”,  a 
correct  word;  but  he  erred  in  assuming  that  Pittsburgh  was 
built  over  strata  of  loose  stone,  and  hence,  that  water  would 
flow  freely  beneath  any  walls  built  to  restrain  floods.  Many 
otheis  enteitain  the  same  opinion,  but  such  a  notion  has  no 
foundation  in  fact,  except  near  the  junction  of  the  two  rivers. 
Oui  river  banks,  as  a  whole,  are  absolutely  impervious  to  river 
water,  as  is  shown  by  the  records  of  many  wells  driven  over 
the  bottom  lands.  The  present  writer,  in  1879,  working  in  the 
interest  of  the  Pittsburgh  Board  of  Health,  (during  a  typhoid 
epidemic)  had  levels  taken  of  the  water  in  many  wells  on  the 
South  Side.  AA  ith  the  exception  of  two  of  them  very  close  to  the 
river,  the  elevation  of  the  water  in  all  the  other  wells  ranged 
from  5  to  15  feet,  or  more,  above  the  elevation  of  the  river.  The 
direction  of  the  subterranean  flow  and  of  the  pressure  of  all 
SP lings,  is  from  the  hills  towards  the  river.  Everywhere  the 
temperature  and  composition  of  well  waters  a  little  distance 
fiom  the  rivers  in  this  vicinity,  indicates  no  mixture  with  river 
water.  AA  ater  backing  up  into  cellars  during  floods  comes  from 
sewers,  or  passes  along  in  the  crescent  shaped  voids,  usually  left 
(In  shiinkage  of  the  earth)  beneath  tile. pipes  or  brick  conduits 
for  want  of  care  in  tamping. 

Darn  No.  2  on  the  Ohio,  closes  the  right  hand  chute  of  a 
very  long  island,  composed  of  Sir  William’s  “Shingle”,  yet,  at 
times,  the  water  in  pool  No.  2,  may  be  fully  ten  feet  higher 
than  the  water  passing  down  the  left  chute,  about  1000  feet 
distant.  No  water  or  “seeps”  have  been  noticed  as  flowing  be¬ 
neath  the  island  with  such  pressure.  The  facts  are  that  if 
seeps  developed,  the  first  rise  of  muddy  water  would  seal  them 
hermetically.  So,  also,  it  has  been  noticed  in  building  locks 
and  dams  on  the  rivers  in  this  vicinity,  that  there  is  no  flow 
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of  water  beneath  the  natural  river  bed.  Springs,  of  course, 
burst  through  the  compact  sand  and  gravel  at  intervals  in  the 
bed  of  the  rivers  with  pressures  that  even  high  flood  depths 
cannot  restrain,  as  is  noted  at  filter  cribs  which  happen  to  be 
located  over  river  bed  springs. 

Referring  to  reservoir  dam  foundations,  Sir  William  con¬ 
demns  with  one  blast  the  rocks  of  West  Virginia  and  south¬ 
western  Pennsylvania.  He  says.  1  his  horizontal  sandstone  you 
have  here  and  shale  in  alternating  strata  is  considered  the  worst 
foundation  for  reservoirs  in.  the  world.  More  accidents  to  bm 
reservoirs  have  happened  on  it  than  on  any  other.”  etc,  etc. 

As  the  carboniferous,  or  shale  series,  west  of  the  moun¬ 
tains  extends  to  a  depth  of  fully  2000  feet  over  much  of  the 
area,  below  the  stream  beds,  it  is  evidently  “all  up”  with  big 
dams  according  to  the  dictum  of  the  distinguished  speaker.  Per¬ 
haps  Sir  V  i Ilia m  is  unaware  ol  the  fact  that  dolomite,  and  other 
hard  rock  strata,  25  to  100  feet  thick  occur  in  the  series  cover¬ 
ing  extensive  areas,  and  crop  out  in  the  stream  beds  and  hill¬ 
sides  at  many  points.  Does  he  wish  his  readers  to  infer  that 
such  strata  are  not  safe  for  dam  foundations?  The  only  reason 
which  might  be  urged  for  their  insecurity  rests  on  the  theory 
that  water  percolating  through  the  rock  will  dissolve  softer 
strata  which  may  possibly  lie  beneath.  This  might  be  the  case 
if  air,  or  oxygen,  had  access  with  the  water  to  certain  thin 
veins  containing  sulphur.  Hundreds  of  examples  of  water 
oozing  through  soft  shale  strata  in  the  form  of  springs  can  be 
found  in  this  district  with  no  indication  whatever  of  disintegra¬ 
tion  of  the  shale,  and  often  this  water  may  have  several  hundred 
feet  of  pressure  behind  it  to  force  it  through  the  shale.  It  is 
probable  that  the  failures  of  big  dams,  to  which  Sir  William 
refers,  were  sometimes  due  to  faulty  construction. 

The  importance  of  “cut  off"  toes  to  prevent  leakage  and 
upward  pressure  is,  of  course,  very  apparent.  The  present 
writer  has  had  occasion  to  investigate  the  causes  of  failure  of 
many  dams  in  America  and  elsewhere,  and  is  of  the  opinion  that 
American  engineers  have  given  the  subject  of  reservoir  dam 
foundations  more  study  based  on  test  borings,  etc  than  the 
engineers  of  any  other  country.  Having  heretofore  before  the 
Society  expressed  certain  opinions  as  to  what  should  be  done  to 
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relieve  the  fears  of  the  public  in  densely  populated  districts, 
resident  below  high  dams,  he  need  say  but.  little  more.  Doubt¬ 
less  in  time  many  tolerably  high  dams  will  be  built  above  Pitts¬ 
burgh  for  power  purposes,  and  it  behooves  the  authorities  to 
require  the  companies  to  resort  to  every  possible  guard.  There 
has  been  quite  sufficient  loss  of  life  and  damage  to  property  in 
Western  Pennsylvania  to  warrant  only  permits  for  such  struct¬ 
ures,  which  are  safe  against  every  contingency,  even  to  the 
yielding  of  portions  of  the  concrete  work  from  causes,  like  ex¬ 
pansion  and  contraction,  which  may  ultimately  bring  about 
sudden  failures.  So  far  as  strains,  due  to  percolation  of  water 
in  massive  concrete  work,  careful  studies  have  been  made,  and 
provision  is  being  made  in  some  cases  for  internal  drainage  of 
the  concrete,  by  means  of  ducts  and  wells. 

Sir  William  deserves  much  credit  for  emphasizing,  as  he 
does,  the  importance  of  planing  for  ample  apron  protection  be¬ 
low  high  dams,  especially  in  large  streams.  American  experience 
with  high  dams  has  heretofore  been  confined,  almost  altogether, 
to  comparatively  small  streams,  with  overfalls  of  but  little 
moment  weight.  Even  with  dams  of  only  45  feet  height  on  the 
Merrimac,  the  over  fall  in  the  course  of  time  eroded  at  Holyoke 
,what  was  considered  solid,  but  really  was  shattered,  or  fissured, 
Tock,  to  the  depth  of  25-feet,  and  undermined  the  dam  to  an 
alarming  extent.  Other  examples,  to  the  same  effect,  could  be 
cited.  Imagine  a  dam  on  the  Merrimac,  or  other  river  of  equal 
or  greater  flood  discharge,  150  feet  high,  with  a  depth  of  12  to 
15  feet  flowing  over  its  crest,  and  think  of  its  erosive  force. 

Some  years  ago  the  writer  designed  a  dam  for  a  tentative 
project  of  about  150  feet  height  at  the  Delaware  Water  Gap. 
Included  in  his  estimate  was  a  combination  concrete  and  steel 
apron,  extending  to  several  hundred  feet  below  the  dam,  there 
being  much  heavy  ice  besides  water  to  dispose  of.  In  addition 
it  was  part  of  the  project  to  provide  a  rock  fill  dam  a  short 
distance  above  the  massive  concrete  structure.  Nothing  short  of 
such  construction  was  to  be  thought  of  above  such  a  populous 
district,  which  included  the  City  of  Philadelphia.  It  was  costly 
but  it  was  disaster  proof. 
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I  had  hoped  to  come  before  the  Society  without  an  apology, 
but  it  has  been  impossible  to  complete  the  fourth  order  “Flash 
lens”  and  also  the  fourth  order  “Fixed  lens”,  and  what  is 
shown  before  you  is  only  one-fourth  section  and  one-sixth  sec¬ 
tion  of  the  two  kinds  of  fourth  order  lenses — but  they  may  serve 
as  sufficient  demonstration  of  the  whole. 

Also,  it  was  impossible  to  complete  in  time,  wffiat  I  call  the 
barrel  lens,  a  “fourth  order  dioptric  cylindric  lens”  because 
it  is  about  as  large  as  a  barrel,  being  twenty-two  inches  in 
diameter;  composed  of  the  central  bullseye  ring  and  four  rings 
of  same  diameter  above  and  four  below  this  middle  bullseve,  all 

v  / 

of  which  must  be  accurately  polished,  as  the  design  does  not 
admit  of  any  shifting  in  any  direction,  so  if  any  inaccuracy  oc¬ 
curs  in  any  of  the  rings  they  are  condemned  and  lost. 

As  this  is  the  first  time  any  such  lenses  made  in  the  United 
States  have  been  exhibited,  it  seems  apropos  and  due  the  En¬ 
gineers’  Society  to  give  a  short  retrospective  and  account  of  how 
such  lenses  were  invented  and  used  and  the  increase  in  their 
efficiency. 

Not  long  ago  there  was  published  in  the  Geographical  Mag¬ 
azine  a  well-illustrated  article  on  light  houses,  but  it  dealt  al¬ 
most  entirely  on  the  construction  of  the  towers  and  the  fine  en¬ 
gineering  shown  in  these  huge  holders  of  the  lights  or  lenses, 
like  immense  candle  sticks  as  aids  to  navigation.  Any  one  who 
has  climbed  the  spiral  stairs  to  get  a  sight  of  one  of  these 
glasses  can  see  tonight  half  a  dozen,  sufficient  to  illustrate  the 
system  or  plan  of  all. 

The  development  of  the  lighting  of  coasts  and  marking 
harbors  commenced  about  1806,  being  called  forth  by  the  great 

Presented  at  a  monthly  meeting  of  the  Society  and  published  in  the 
April,  1914,  Proceedings. 
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destruction  of  vessels  and  loss  of  life  in  the  previous  year,  in¬ 
volving  some  seventy  vessels.  Before  this  time,  there  were  only 
half  a  dozen  “beacons”  on  the  coast  of  Scotland  and  in  the  life 
of  Robert  Stevenson,  who  was  one  of  the  great  lighthouse 
builders  and  engineers,  it  is  stated  that  the  same  condition  ex¬ 
isted  on  the  coast  of  France.  Previous  to  this  time  the  entire 
coast  signals  for  night  consisted  of  “beacon”  lights,  that  is,  coal 
or  wood  fires  on  the  tops  of  buildings,  built  for  the  purpose,  but 
very  uncertain  and  liable  to  mistakes — some  vessels  being  lost 
by  mistaking  the  fire  of  a  lime  kiln  for  the  beacon  light.  The 
beacon  at  Firth  of  Forth  was  a  very  old  one  and  had  been  kept 
up  for  over  180  years,  being  held  as  a  private  right  and  main¬ 
tained  by  a  tonnage  on  ships  frequenting  that  harbor.  Steven¬ 
son  suggested  the  Bell  Rock  Lighthouse  located  about  twelve 
miles  from  the  coast  of  Scotland  off  the  Firth  of  Forth;  the 
building  of  this  was  a  great  engineering  feat — very  expensive 
and  very  slow,  taking  five  years  to  complete,  and  in  two  years 
of  this  time  only  eleven  days  work  could  be  done — a  stormy 
coast,  suggesting  the  one  lighthouse  to  set  the  pace  for  the 
world. 

Stevenson  had  no  precedent  but  the  example  of  an  effort 
made  at  Liverpool  a  few  years  before  of  the  use  of  parabolic 
mirrors,  made  of  pieces  of  silvered  glass,  set  in  plaster,  for 
reflector  of  light,  and  proceeded  to  try  parabolic  copper  mir¬ 
rors  silver  plated,  each  twenty-four  inches  in  diameter  by  twelve 
inches  deep — seven  on  two  sides  for  white  light  and  five  on  the 
other  two  sides  for  red,  the  plan  being  to  alternate  white  and 
red  light  with  a  longer  showing  of  white  light  than  red  as  the 
lantern  revolved.  There  was  a  loss  of  light  by  this  method,  but 
it  was  a  very  great  improvement. 

Sometime  previous  to  this,  there  were  some  experiments 
made  in  conserving  the  sun’s  rays  with  lenses  endeavoring  to 
utilize  the  rays  as  a  source  of  power. 

Buffum  in  1748  developed  a  new  form  of  “burning”  lens 
by  grinding  out  the  solid  front  of  the  glass  so  as  to  form 
“steps”  or  rings. 

Condorcet  built  up  this  form  composed  of  separate  rings, 
each  ring  being  a  section  of  a  sphere,  but  it  was  the  ingenious 
Fresnel,  in  1822,  who  adapted  them  for  projection  of  light  in 
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lighthouses.  He  was  the  tirst  to  introduce  the  cylindrical  lens 
designed  to  project  the  light  in  a  horizontal  plane  in  all  di¬ 
rections  on  that  plane.  So  in  place  of  separate  “reflectors”, 
each  of  which  lost  a  part  of  the  light,  as  in  the  case  of  the  Hell 
Rock  Light  composed  of  five  red  lights  on  two  sides  and  seven 
white  on  the  other  two,  Fresnel  also  introduced  tin*  one  central 
source  ot  light,  but  yet  there  remained  much  to  do.  as  there 
was  still  much  loss  of  light,  some  upwards  above  the  lens,  some 


Fig.  1. 
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below,  and  it  was  thought  to  gather  these  stray  beams  by  means 
of  glass  mirrors  so  as  to  reflect  the  light  horizontally  or  in  the 
same  direction  as  those  refracted  by  the  lens.  Mirrors,  either 
metallic  and  silver  plated,  or  glass  silvered,  were  tried  and 
abandoned,  and  Fresnel’s  genius  brought  into  practical  use  the 
total  reflecting  prism  or  catadioptric  portion  of  these  lenses, 
thus  increasing  the  efficiency  very  much,  in  gathering-  up  the 
formerly  lost  or  wasted  rays  of  light  and  projecting  in  the 


Fig.  2. 
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same  direction  as  the  dioptric  or  central  bullseye  part  of  the 
lens,  increasing  the  angle,  or  in  other  words,  the  formerly  lost 
rays  were  so  utilized  as  to  increase  the  efficiency  of  the  central 
source  of  light  some  40  or  50  percent.  This  finished  the  job. 

This  system  is  the  one  in  vogue  today  and  it  is  difficult  to 
see  how  it  can  be  improved  for  all  the  light,  except  that  im¬ 
mediately  above  the  flame  or  source  of  light,  and  all  below,  ex¬ 
cept  that  lost  by  the  shadow  of  the  holder  of  the  source  of  light, 
is  utilized. 

It  would  take  much  more  time  than  we  have  to  describe  the 
various  forms  devised  since  Fresnel’s  day.  To  project  light  in 
all  varieties  of  directions,  some  like  the  “range  light”  for  send¬ 
ing  the  rays  in  a  round  column,  as  it  were,  in  one  direction  only. 
Others,  a  combination  to  project  in  two  directions  only,  but  the 
system  is  the  same  in  all.  In  order  to  identify  lights,  Steven¬ 
son  placed  five  red  glasses  over  five  reflectors  on  two  sides  of  the 
lantern,  and  seven  white  lights  on  the  other  two  sides — when  this 
revolved  the  interval  of  red  light  was  shorter  than  that  of  white. 
I  cannot  discover  whether  this  was  intended  to  get  the  benefit 
of  the  law  of  contrast,  or  simply  a  means  of  identification.  Most 
likely,  the  latter,  as  no  one  makes  mention  of  the  law  of  con-* 
trast,  nor  of  another  important  fact,  namely,  that  a  flash  seems 
more -brilliant  to  the  human  eye  than  a  continuous  light,  9/10 
seconds  being  the  time  sufficient  for  maximum  intensity. 

The  whole  system  of  our  lighthouse  practice  is  to  use  both 
red  and  white  flashes  with  various  durations  and  intervals  of 
dark  and  light;  for  instance,  one  light  may  have  an  interval  of 
flash  of  two  seconds  duration,  succeeded  by  three  seconds  of 
darkness.  This  flash  is  quite  regular  and  sufficient  for  undoubt¬ 
ed  identification. 

The  Navesink  light  at  Sandy  Ilook,  246  feet  high,  flashes  one 
second  and  eclipses  four  and  nine  tenths  seconds — sixty  million 
candle  power  calculated — and  is  intended  to  show  twentv-two 
miles  in  ordinary  weather. 

Fire  Island  light — 167  feet  high — flashes  four  seconds  and 
eclipses  5.6  seconds.  Calculated  160  000  candles.  Rebuilt  in 
1858. 

Montauk  Point  light — 168  feet  high — ninetet  m  million 
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candles,  flashes  four  seconds  and  eclipses  nine  and  six-tenths 
seconds. 

These  lights  are  our  most  important  ones.  ■ 

Some  good  names  have  been  connected  with  the  subject  of 
light  source.  Argand  introduced  the  round  hollow  wick  in 


Fig.  3. 
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order  to  increase  combustion  in  the  middle  of  t  he  flame,  in  ad¬ 
dition  to  the  outside  hollow  column  of  air.  The  next  was  the 
contracted  neck  chimney,  to  further  force  the  air  in  contact  with 
the  top  of  the  flame.  Both  were  quite  novel  inventions  in  their 
day  and  have  been  ever  since  the  guiding  principle  in  all  the 
lamps  used  for  all  purposes. 
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The  glass  to  produce  the  best  red  has  been  a  matter  of 
rather  slow  development.  From  the  first  gold  ruby  glass  was 
used  and  in  order  to  secure  against  breakage  was  about  one 
quarter  inch  thick.  This  was  difficult  to  produce  without  a  too 
dense  color  and  consequent  loss  of  light,  also  not  being  the  best 
kind  of  red,  as  it  contains  blue,  so  the  question  has  been  to  pro¬ 
duce  a  red  glass  of  proper  thickness  which  would  transmit  the 
greatest  amount  of  red  light.  This  we  have  accomplished,  pro¬ 
ducing  an  orange  red  and  pronounced  by  the  Department  as 
“entirely”  satisfactory.  This  is  contrary  to  the  practice  of  the 
railways,  who  seem  to  be  willing  to  sacrifice  transmission  of 
light  in  order  to  use  yellow  signals. 

It  should  be  stated,  however,  that  red,  yellow  or  orange 
colored  glass  loses  three-fourths  of  the  intensity  of  colorless  glass 
in  transmission,  green,  five-sixths,  blue,  very  much  more  and  not 
used  for  such  purposes.  In  other  words,  in  order  to  project  red 
rays  as  far  as  white,  the  illumination  must  be  fourfold  and  for 
green  six-fold  that  of  white  rays.  This  red  we  take  to  be  the 
usual  kind.  That  now  approved  transmits  over  forty  percent. 

I  have  mentioned  the  Bell  Rock  Lighthouse  as  it  repre¬ 
sented  the  best  English  practice  and  that  country  and  France 
were  all  but  simultaneous  in  adopting  the  best  known  and  at 
about  the  same  time.  It  was  only  in  1836  in  Boston  a  lantern 
having  fourteen  lamps  with  reflectors  was  erected,  and  not  until 
in  1859  was  the  Fresnel  system  adopted. 

Serious  dangers  beset  lighthouses,  chief  among  them  of 
course  are  storms.  These  lenses  are  protected  by  a  lantern  of 
glass,  which  is  surrounded  by  a  strong  wire  screen  to  protect 
from  birds  as  the  gulls  and  ducks  when  disturbed  at  night  seem 
to  act  as  if  the  lenses  were  holes  in  the  sky  and  fly  against  the 
screen  with  such  force  as  often  to  imbed  themselves  in  the 
meshes.  In  1912  in  a  lighthouse  on  the  Pacific  Coast,  the' lantern 
was  destroyed  by  a  storm,  although  it  is  132  feet  above  high 
water.  Officials  assure  us  it  was  nothing  else — incredible  as  it 
seems. 

Another  part  of  the  subject  may  be  of  interest  to  you,  as 
it  illustrated  a  great  stride  in  efficiency  in  all  kinds  of  lighting. 
The  light  at  Cape  Hatteras,  formerly  a  wick  light  with  oil,  rated 
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at  34  000  candles,  was  increased  to  160  000  candles  by  the  use 
of  an  oil  vapor  and  mantle  at  two-fifths  of  former  cost. 

Our  own  Lighthouse  Department  certainly  deserve  great 
credit  for  the  splendid  efficiency  and  improvement  in  its  forty- 
seven  hundred  lights,  as  indispensable  aid  to  commerce  on  all 
our  coasts.  Every  one  of  the  lenses  and  mirrors  go  through 
most  accurate  tests  and  the  requirements  are  most  exacting. 
The  glasses  before  you  are,  commencing  with  the  smallest 

300  mm  Buoy  Light  Lens  (See  Fig.  1) 

187.5  mm  Focal  Length  Dioptric  Range  Lens 

18/  .5  mm  Focal  Length  5th  Order  Range  Lens  (See  Fig.  2) 

250  mm  Focal  Length  4th  Order  Range  Lens  (See  Figs.  3  and  4) 
250  mm  Focal  Length  4th  Order  Bivalve  Lens  (See  Fig.  5) 
Section  of  4th  order  fixed  Lens  (See  Fig.  6) 

Section  of  4th  order  flash  lens  (See  Fig.  7) 

Light  Ship  5th  order  lens  (See  Fig.  8) 

Also  a  glass  used  for  red  signals. 

Besides  the  18  inch  Mangin  mirror,  other  special  mirrors  and 

small  lenses. 

The  250  mm  Range  Lens  is  the  same  as  those  at  each  end  of  t he 

Panama  Canal. 

The  Fourth  Order  lenses  have  been  improved  in  all  respects  and 
with  the  light  sources  used  at  this  day  are  fit  to  replace  the  larger 

Third  Order. 

The  various  mirrors  are  much  more  than  mere  mirrors.  The  glass 
is  special,  polished  front  and  back  accurately,  so  that  four,  when 
placed  in  the  brass  frames,  focus  to  a  nicety  and  present  a  clean 
spherical  surface,  even  at  the  joints.  The  back  is  electroplated  with 
copper  over  the  silver  for  protection  and  the  copper  protected  again 
by  coats  of  weather-proof  material 

The  fifth  order  light  ship  lens  was  the  first  one  attempted, 
and  we  recommend  a  glass  of  index  of  refraction  of  1.55, 
gravity  2.95,  in  place  of  the  former  glasses  of  1.52  index  and 
2.52  gravity,  because  of  the  fine  polish  and  ‘‘permanence”  of  a 
glass  we  make  of  that  character  and  which  kept  side  by  side 
with  the  former  glass  for  a  year  or  more  remained  bright  and 
clean,  while  the  glass  usually  used  showed  signs  of  change.  It 
is  harder  to  make,  likely  to  have  striae  and  bubbles — takes 
longer  to  polish,  but  when  done,  stays  bright.  Not  being  able 
to  procure  workmen  with  any  experience  in  such  work,  the  whole 
had  to  be  invented— and  the  making  involved  a  glass  making 
problem,  a  mathematical  problem,  an  optical  problem  and  a 
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mechanical  problem,  to  turn  out  an  improvement  in  all  respects. 
Prof,  flower  has  risen  equal  to  the  occasion  in  his  accurate 
drawings  and  measures  and  design  and  Mr.  Heupel  in  his  ac¬ 
curate  grinding  and  polishing  and  accurate  make  of  the  brasses 
and  the  intricate  work  of  assembling,  so  I  feel  quite  confident 
that  with  such  team  work  we  can  make  anything  required  and 
keep  up  the  highest  standard  of  excellence. 

The  lenses  formerly  made  had  quite  a  divergence  from 
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the  horizontal,  but  are  now  required  not  over  half  a  degree — 
the  test  we  -use  being  a  chalk  ball  %  in.  in  diameter,  placed  in 
the  focus.  When  viewed  from  a  distance  of  forty  feet  each 
prism  or  reflecting  prism  must  show  the  white  streak  of  the 
ball  clear  across  its  face. 

In  commencing  the  manufacture  of  these  glasses,  it  seemed 
like  assuming  a  duty  with  unknown  investment,  as  well  as  un¬ 
known  loss  or  profit,  but  it  also  answered  a  challenge  to  an 
old  glass  center  like  Pittsburgh  to  produce  high-grade  articles 
and  run  the  risk  in  the  endeavor.  The  sequel  proves  that  with¬ 
in  the  membership  of  our  Society  is  the  spirit  and  perseverance 
to  produce  anything  wanted  in  this  field  of  optical  glasses. 

This  short  account  I  have  condensed  from  a  variety  of 
books  and  pamphlets — some  telling  one  part,  some  another,  and 
in  going  over  the  subject,  not  one  article  written  omits  the  name 
of  the  man  I  am  glad  to  hail  as  a  genius  of  the  first  rank.  Fres¬ 
nel,  the  discoverer  of  polarized  light,  when  quite  a  young  man 

and  lament  his  death  at  under  forty  years  of  age.  We  are  getting 
the  benefit,  of  his  work  today. 

It  would  take  a  large  volume  and  illustrations  to  tell  var¬ 
ious  adaptions  and  variety  of  arrangements,  but  after  all  it  is 
Fresnel’s  work. 

The  Secretary  of  Commerce  and  Labor,  under  which 
Bureau  the  Lighthouse  Department  now  operates,  in  his  annual 
report  of  1913,  refers  to  the  matter  as  follows : 

“Until  lately  it  has  been  necessary  to  procure  all  the  cut  glass 
lenses  used  in  the  Lighthouse  Service  from  either  France,  England,  or 
Germany,  most  of  them  coming  from  France.  Recently  the  matter  was 
taken  up  with  an  American  firm  of  glass  manufacturers  with  a  view 
to  ascertaining  if  a  better  lens  could  not  be  made  in  this  country  than 
abroad  by  using  some  modern  manufacturing  methods.  The  results 
to  date  have  proven  satisfactory.  The  lenses  are  superior  to  those 
purchased  abroad  and  can  be  made  for  the  same  cost  or  less.  The 
essential  feature  of  the  American  method  of  manufacture  is  that  the 
prisms  are  formed  by  machine  instead  of  by  hand.  Every  part  is 
made  to  fit  an  accurate  template  or  jig,  so  that  they  are  true  to  size 
and  parts  of  the  same  number  are  completely  interchangeable.  Im¬ 
provements  have  been  made  in  pressed  glass  lens  lantern  and  buoy 
lantern  lenses,  and  tests  show  them  well  adapted  for  many  condi¬ 
tions  of  the  service,  at  a  decrease  in  expense.” 
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The  300  mm  lens  was  formerly  made  in  rings  separate  and 
the  inspection  of  several  revealed  the  fact  that  all  w’ere  not 
alike.  We  recommended  an  improvement  by  making  them  in  180 
deg.  sections,  each  section  interchangeable  and  in  one  piece. 

These  proved  uniform  and  with  increased  efficiency  over  all 
former  styles. 

I  have  left  for  Prof.  Hower  things  he  can  explain  much  bet¬ 
ter  and  more  scientifically  than  I  can,  and  thank  you  very  much. 


DISCUSSION. 

Prof.  Harry  S.  Hower*  :  Mr.  Macbeth  has  asked  me  to 
add  a  few  words  wich  regard  to  the  optical  properties  of  the 
lenses  he  has  described.  Let  us  take  the  Fourth  Order  Range 
Lens  as  typical  and  consider  the  way  in  which  it  directs  the  light 

from  the  source,  into  a  concentrated  beam  of  great  carrying 

power. 


The  central  refracting  portion  of  the  lens  (shown  in  Fig. 
3)  inside  the  brass  ring  was  developed  from  a  plano-convex 
lens,  being  first  used  to  form  a  large  burning  glass  and  later 
applied  by  Fresnel  to  light-house  lenses.  A  plano-convex  lens 
of  large  diameter  and  short  focus  would  be  very  thick  and  heavy. 

♦Professor  of  Physics,  Carnegie  Institute  of  Technology. 
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and  would  absorb  considerable  light  from  a  beam  passing  through 
it.  If  this  large  lens  (Fig.  9-£)  were  cut  up  in  rings,  part  of 
the  back  ground  off  (Fig.  9-B),  and  the  various  rings  telescoped 
together,  we  should  have  a  lens  (Fig.  9-C)  of  about  the  same 
focus,  much  lighter,  and  one  which  would  produce  less  absorp¬ 
tion  in  a  beam  of  light  passing  through  it. 

The  curved  surface  on  a  ring  may  be  given  a  slightly  differ¬ 
ent  center  from  that  which  would  be  obtained  in  the  above 


Fig.  10. 
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fashion  and  thus  the  lens  made  of  rings,  or  the  stepped  lens, 
or  the  Fresnel  lens  as  it  is  often  called,  may  be  made  to  have 
less  spherical  aberation  than  the  plano-convex  lens  of  excessive 
thickness  would  necessarily  possess.  This  central  portion  of 
the  range  lens,  which  directs  the  light  by  refraction,  is  called 
the  dioptric  part  of  the  lens — the  rings  being  known  as  dioptric 
rings.  It  is  made  in  the  same  form  that  it  had  a  hundred  years 
ago.’ 

That  portion  of  the  range  lens  (Fig.  3)  which  lies  outside 
the  central  brass  ring  operates  by  refraction  and  reflection,  the 
rings  being  known  as  catadioptric  rings.  In  the  form  of  these 
rings  there  has  been  some  improvement.  In  the  earliest  rings 
the  principle  of  total  reflection  was  utilized,  but  no  lens  action 
was  secured,  while  in  later  years  the  section  of  the  ring  has 
shown  one  or  more  curved  faces. 

Figure  10  shows  a  prism  with  straight  sides  which  will 
properly  direct  the  ray  a,  but  which  will  not  correct  the  diver¬ 
gence  of  the  rays  b  and  c. 

11  show s  the  section  used  for  the  catadioptric  prisms 
of  our  typical  lens.  The  face  CB  is  given  such  a  curvature  as 
to  properly  direct  all  the  rays  which  enter  it;  that  is,  all  the 
rays  from  the  source  after  entering  the  prism  through  face  C  B 
proceed  in  directions  parallel  to  C  A. 

The  equation  of  the  curve  C  B  may  be  readily  obtained  as 
follows : 

Let  OX,  parallel  to  C  A,  be  the  axis  of  polar  coordinates. 
Then  P  0  X  ==  6  and  0  P  =  r  for  P,  any  point  on  the  curve 
C  P  B.  If  u  =  index  of  refraction  of  the  glass  then 


sin  % 

u  =  — - 

sin  rt 


wdiere  i  and  r,  are  the  angles  made  by  the  incident  ray  a  and  the 
refracted  ray  with  the  norma-1  N  NK  If  Q  is  a  neighboring  point 
of  the  curve  CP  B,  we  have  directly  from  the  figure 


tan  i  = 


dr 
r  d  6 


Since  u  = 


sin  i 
sin  r! 


and  rj  =  i  —  $ 


or  u  sin  rj  =  sin  i 
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Then  u  sin  (i  —  6)  =  sin  i 
u  (sin  i  cos  6  —  cos  i  sin  6)  =  sin  i 
(u  cos  6  —  1)  tan  i  =  u  sin  0 

(u  cos  6  —  1 )  ( ^ 


r  d  0 
dr 


=  u  sin  6 
l  u  sin  6 


d  6 


r  \u  cos  6  —  1 1 
c  =  log  r  ( u  cos  6  —  1) 
or  r  ( u  cos  6  —  1)  =  K 

This  will  be  recognized  as  the  equation  of  an  hyperbola. 

The  slope  of  the  straight  side  A  B  is  determined  by  the 
equation 

j,  _  90  -\-  S 


where  S  is  the  angle  which  the  mean  ray  striking  the  prism 
face  C  B  makes  with  the  vertical  axis.  The  angle  TJ,  which  de¬ 
termines  the  direction  of  A  C  is  determined  by  the  fact  that  the 
final  direction  of  the  ray  is  horizontal.  From  the  figure  we  have 

i  =  T  —  TJ  and  r  =  90°  —  2TJ 
Since 


sin  i  .  . 

- - =  u  or  sin  i  =  u  sin  r 

sm  r 


then,  sin  (T  —  TJ)  =  u  cos  2  TJ 
which  may  be  solved  for  TJ. 

The  application  of  the  three  equations 

rji  _  90  -f-  $ 

 2 


sin  (T  —  U)—  u  cos  2  TJ 
r  ( TJ  cos  6  —  1)  =  K 

gives  the  necessary  data  for  a  prism  section  which  would  per¬ 
fectly  direct  the  rays  of  light  from  a  point  source.  To  construct 
a  glass  ring  with  two  conical  surfaces  and  the  third  a  hyper¬ 
boloid  of  revolution,  was  more  than  any  manufacturer  had  ever 
attempted.  That  the  lenses  Mr.  Macbeth  has  described  do  repre¬ 
sent  the  fulfillment  of  the  above  conditions  is  indicated  by  the 
fact  that  they  have  given  as  much  as  50  percent  more  light  than 
the  old  style  lenses. 


not  an  engineer  but  a  sailor,  and  I  have  seen  a  great  many  of 
these  lights,  all  the  ones  on  the  American  Coast  that  he  has 
talked  about.  I  have  had  a  great  deal  to  do  with  searchlights 
and  I  think  all  the  searchlight  mirrors  we  use  in  the  Navy 
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searchlights  are  made  in  Europe.  I  wondered  if  Mr.  Macbeth 
has  made  any  searchlight  mirrors  or  has  considered  their  manu¬ 
facture.  The  Navy  purchases  each  year  about  40  searchlight 
mirrors  of  24,  30  and  36"  diameters,  about  half  being  of  the 
latter  diameter,  to  make  up  for  breakage,  etc.,  and  the  addition 
of  each  battleship  means  the  purchase  of  12  or  15  mirrors  of  the 
36"  diameter.  We  and  the  Navy  Shipbuilders  probably  purchase 
each  year,  all  told,  about  75  or  80  mirrors.  The  Army  must 
purchase  mirrors  also  as  they  use  searchlights  extensively,  al¬ 
though  I  have  no  idea  as  to  the  number  they  consume. 

Mr.  Chester  B.  Albree:  It  has  been  particularly  inter¬ 
esting  to  me  to-night  to  hear  Mr.  Macbeth  talk  and  also  to  hear 
a  talk  on  the  theoretical  end.  Mr.  Macbeth  has  shown  thorough 
technical  knowledge  and  the  theoretical  part  has  been  well  cov¬ 
ered.  I  do  think  that  it  is  a  very  great  credit  to  the  City  of 
Pittsburgh — leaving  Mr.  Macbeth  out  of  the  question — that  we 
have  succeeded  here  in  Pittsburgh  in  producing  very  much  bet¬ 
ter  work  than  they  have  ever  produced  abroad.  I  understand 
that  heretofore,  that  is,  until  comparatively  recently,  our  best 
lighthouse  lenses  all  came  from  the  other  side  of  the  ocean, 
but  today  by  actual  test  the  best  lenses  are  produced  right  here 
in  Pittsburgh,  and  I  think  we  are  especially  honored  tonight, 
regardless  of  whether  he  ever  makes  a  cent  of  profit  out  of  the 
venture  or  not,  in  having  Mr.  Macbeth  with  us. 


PRINCIPLES  AND  DETAILS  INVOLVED 
IN  THE  MOVING  OF  LARGE 
STRUCTURES 


By  George  W.  Nichols* 


The  question  of  moving  heavy  bodies  has  been  one  of  great 
importance  dating  from  the  earliest  records  we  have  of  man. 
The  great  skill  acquired  by  the  ancients  in  building  their 
temples  and  other  structures  shows  that  they  must  have  pos¬ 
sessed  considerable  knowledge  concerning  the  principles  in¬ 
volved  in  this  work.  We  are  amazed  at  finding  in  many  of 
these  structures  massive  stones,  weighing  in  many  cases  close 
to  fifty  tons,  set  in  place  hundreds  of  feet  above  the  ground  ap¬ 
parently  with  as  much  ease  as  were  the  smaller  ones. 

How  they  were  able  to  transport  such  heavy  stones  miles- 
from  the  quarries  to  the  building  site,  and  then  to  set  them  in 
place  at  such  extreme  heights  are  as  unknown  to  us  as  were 
the  individuals  who  directed  their  movements. 

Many  of  these  large  stones  have  been  discovered  in  the 
Pyramids  of  Cheops,  which  is  the  largest  of  the  three  pyramids 
erected  at  Gezeh.  This  pyramid  covers  an  area  of  thirteen 
acres  and  was  originally  482  feet  high.  It  was  built  of  lime¬ 
stone  blocks  and  has  many  inner  chambers,  which  are  reached 
by  sloping  passages.  It  was  built  about  the  year  3700  B.  C. 
by  the  Egyptian  King  Cheops. 

This  structure  like  most  of  the  ancient  buildings  was  built 
as  a  monument  to  its  builder,  the  king;  for  which  reason  large 
blocks  of  stone  were  used  and  they  were  made  as  massive  as 
possible,  not  only  to  better  withstand  the  elements  but  also  the 
destructive  hands  of  their  enemies  and  of  following  kings  who 

Presented  before  the  Mechanical  Section  and  published  in  the  April 
1914,  Proceedings. 
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would  prefer  to  immortalize  their  names  by  destroying  the  earlier 
structures,  in  order  that  their  works  might  appear  greater. 

We  know  that  in  the  building  of  these  ancient  structures 
the  labor  problems  of  today  did  not  concern  the  builders,  for 
labor  was  in  abundance,  slaves  being  used.  The  element  of 
time,  rarely  entered  into  their  construction,  consequently, 
when  we  try  to  arrive  at  their  methods  in  transporting  such 
massive  stones  and  elevating  and  setting  in  place,  we  naturally 
infer  that  slaves  were  used  in  supplying  the  power  required 
to  do  this  work.  As  to  the  method  of  setting  of  stones  at  such 
heights,  this  may  have  been  accomplished  by  a  rocking  motion 
on  midway  blocks  a  rather  thicker  block  being  inserted  from 
time  to  time  as  the  stone  continued  to  be  rocked.  A  much  more 
probable  method,  however,  considering  the  type  of  labor  and  the 
abundance,  would  be  to  build  a  gradual  ascent  to  the  required 
height,  in  the  form  of  a  road  which  could  be  extended  back  and 
built  up  as  the  building  increased  in  height.  After  the  com¬ 
pletion  of  the  building  the  road  could  be  removed. 

This  was  the  method  pursued  in  the  erection  of  large  stones 
in  the  construction  of  an  old  temple  in  India,  in  which  case  they 
are  said  to  have  built  a  road  some  five  miles  in  length  in  order  to 
provide  the  easy  grade  required,  up  which  the  heavy  material 
was  moved  and  finally  set  in  place. 

In  considering  the  principles  used  at  present  in  the  moving 
and  raising  of  heavy  structures  it  will  be  well  to  describe  briefly 
the  material  and  equipment  ordinarily  used.  To  many  this  may 
seem  quite  elementary,  but  it  may  assist  others  in  obtaining  a 
clearer  idea  of  the  methods  by  which  work  of  this  nature  is  done. 

The  list  would  ordinarily  include  the  following  material: 
6  by  8  blocks,  screws,  caps  and  collars,  rollers,  and  roller  plank, 
6  by  8  runs,  cross  timbers  or  beams. 

By  blocking  we  mean  the  ordinary  6  by  8  blocks  surfaced 
four  sides  which  measure  just  3-ft.  4-in.  in  length.  This  is  a 
convenient  size  for  handling  and  as  the  blocks  are  of  one  size, 
the  blocking  can  be  built  up  rapidly  and  easily  kept  level.  Should 
the  block  pile  show  irregularity  it  can  easily  be  made  level  by 
the  use  of  shingles. 

By  screws  we  usually  refer  to  the  ordinary  cast  iron  screw 
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having  a  diameter  of  nearly  three  inches  and  a  $4  in.  pitch.  The 
screw  is  held  secure,  as  the  lower  part  of  the  nut  sets  in  the 
4l/o  in.  hole  of  the  collar  block.  To  provide  a  suitable  bearing 
for  top  of  screw  and  to  distribute  the  load  of  screw  evenly  over 
cross  timbers  cast  iron  caps  are  used,  these  caps  are  6  in.  by  8 
in*,  having  a  slight  recess  on  one  side  to  take  the  projection  of 
the  top  on  the  screw. 

The  screw  as  described  above  is  the  one  used  largely  and  is 
called  a  five  ton  screw,  but  where  heavier  loads  are  to  be  raised 
and  limited  space  for  setting  screws,  the  cut  steel  screw  of  20 
ton  capacity  is  used.  This  screw  is  made  from  4X4  in.  round 
steel,  thread  being  3-inch  diameter  with  a  pitch  diameter  of 
Vo  in.  The  screws  are  turned  by  means  of  turning  bars,  which 
are  usually  about  5  it.  in  length  made  of  good  grade  of  steel 
and  slightly  bent  about  a  foot  from  one  end.  This  bend  gives 
the  operator  a  better  opportunity  to  work  the  screw. 

The  collar  blocks  are  made  either  of  steel  or  wood,  if  steel 
a  9-in.  channel,  1  -ft.  6-in.  long  is  used.  Wood  collar  blocks  are 

su  a  1 1  4-in.  maple,  10-in.  wide  and  18-in. 
long  and  riveted  close  to  either  end  to  prevent  splitting.  The 
collar  blocks  have  a  hole  about  4i/2  in.  diameter  in  which  sets  the 
nut  of  screw  while  flange  of  nut  bears  on  collar  block. 

The  above  described  equipment  is  used  in  raising  a  struc¬ 
ture.  In  preparing  a  building  for  moving  after  it  has  been 
raised  to  the  required  height  we  lay  6  by  8-in.  oak  runs,  about 
16  ft.  in  length,  set  on  blocking.  These  form  the  lower  bear- 
ing  for  the  rollers.  The  rollers  are  usually  made  of  quartered 
maple  either  6  or  8  in.  diameter  and  4  ft.  in  length. 

Roller  plank  is  made  of  3l/2  or  4  in.  by  12  in.  maple  4  ft. 
long,  tapered  at  ends  to  permit  of  easy  starting  of  rollers.  They 
are  riveted  at  either  end  by  l4  in.  rivet  with  washers.  When 
the  structure  is  ready  to  be  moved  blocks  or  pulleys  are  rigged 
up  and  by  means  of  either  the  winch  or  capstan  the  structure  is 
moved  as  required.  The  pulley  block  is  a  wonderful  advant¬ 
age  in  reducing  power.  It  may  be  the  ancients  were  familiar 
with  it  and  made  use  of  it  in  their  work,  we  cannot  trace  the 

block  to  its  origin,  so  it  is  quite  likely  they  were  conversant  with 
its  use. 
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Until  recent  years,  the  heavy  iy2  in.  and  2  in.  manila 
rope  was  used  in  moving  structures  while  at  present  a  rope 
with  a  steel  center  and  manila  covering  is  generally  used  for 
heavy  work,  a  y  in.  line  of  this  type  being  more  than  equivalent 
to  a  2  in.  manila  line. 

In  preparing  a  building  or  structure  of  any  kind  for  rais¬ 
ing  and  moving  it  will  be  necessary  to  make  a  careful  study  of 
the  structure.  The  weight  should  be  carefully  estimated,  the 
general  construction  of  the  building  should  be  understood,  in 
order  to  know  the  distribution  of  loads  on  present  foundations. 
The  character  of  ground  over  which  structure  is  to  be  moved 
should  be  considered,  especially  if  of  a  heavy  type. 

After  the  above  points  have  been  carefully  considered  a 
layout  is  made  showing  the  manner  of  picking  up  the  structure, 
which  is  done  in  the  case  of  brick  or  stone  structure  by  insert¬ 
ing  either  beams  or  heavy  cross  timbers  at  proper  places  to  take 
the  load  without  causing  strains  in  the  main  structure,  when 
the  building  is  raised.  The  main  principle  in  raising  structures 
is  to  keep  conditions  as  nearly  as  they  were,  when  on  original 
foundations. 

In  the  case  of  steel  structures  special  consideration  is  given 
to  each  individual  case  and  no  set  method  can  be  laid  down 
for  their  work,  however,  the  general  principles  are  applicable 
to  all  structures. 

The  following  sketch  shows  the  manner  of  building  a  block¬ 
ing  and  the  setting  of  timbers  and  arrangement  of  screws  for 
raising  a  structure.  See  Fig.  1. 

From  this  one  sees  the  regularity  and  care  taken  in  build¬ 
ing  the  blocking  and  the  manner  of  setting  the  screws  and  lo¬ 
cating  cross  timbers  for  taking  up  the  building. 

After  the  building  has  been  raised  the  required  height 
and  it  is  desired  to  move  it,  oak  runs  are  built  and  the  building 
lowered  on  rollers  which  bear  on  6  by  8-in.  oak  runs  below  and 
on  roller  plank  above,  after  which  screws  are  removed.  This 
is  shown  by  the  following  sketch,  Fig.  2. 

In  case  it  is  desired  to  turn  the  building  slightly  the  rollers 
can  be  “cut”,  that  is,  set  at  a  slight  angle  to  the  general 
direction  and  gradually  be  brought  over  to  proper  line.  Where 
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the  building  is  to  be  given  a  quarter  turn,  a  half  turn  or  a 
complete  turn,  a  pivot  point  is  selected  and  runs  laid  and  rollers 
set  to  operate  about  this  point.  See  Fig.  3. 


Fig.  1.  Arrangement  of  Blocking,  Timbers  and  Screws  for  Raising 

a  Building. 

In  the  alteration  of  buildings  such  as  the  change  in  fronts 
or  shoring  of  floors  or  the  supporting  of  any  heavy  structure 
where  high  blocking  would  be  required,  pump  logs  or  drums 

— - ■»/  //Jo.-  '  ■ _ 
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Fig.  2.  Arrangement  of  Runs  and  Rollers  for  Moving  a  Building. 
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are  used  instead.  Pump  logs  are  timbers,  usually  8  in.  by  8  in. 
in  size,  but  often  larger,  one  end  of  which  is  bored  to  a  4%  in. 
diameter  about  18  in.  deep.  In  this  hole  operates  the  screw, 
the  lower  part  of  nut  sets  in  the  4^/2  in.  hole  of  timber  and  the 
flange  of  nut  bears  directly  on  the  bottom  of  timber, — more  often 
a  collar  block  is  used  to  form  a  bearing  for  the  nut.  Drums  are 
usually  set  in  position  with  the  screw  at  the  lower  end,  so  that 
the  screw  can  be  more  easily  operated. 


Fig.  3.  Plan  Showing  Arrangement  for  Moving  a  Building  and  Turn¬ 
ing  54  Turn. 


We  shall  now  consider  a  few  of  the  more  interesting  con¬ 
tracts  which  have  been  completed,  which  will  give  some  idea 
of  variety  and  character  of  the  problems,  which  we  have  to  con¬ 
sider  from  time  to  time. 


SUPPORTING,  RAISING  AND  BRINGING  TO  LINE  THE  SOUTH  22ND 
STREET  BRIDGE  WHILE  THE  TWO  RIVER  PIERS  WERE 
REMOVED,  AND  REBUILT. 

The  South  22nd  St.  Bridge  of  Pittsburgh  was  opened  to 
traffic  in  the  year  1807.  The  structure  consists  of  a  520  ft. 
river  or  channel  span  with  two  approach  spans  of  260  ft.  each. 
The  bridge  trusses  are  32  foot  on  centers.  The  roadway  is  27 
ft.  in  width  with  two  sidewalks  of  eleven  feet  each.  The  road¬ 
way  and  sidewalk  on  entire  bridge  has  buckle  plate  construction, 
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with  concrete  walks  and  concrete  roadway  base,  making  an  ex¬ 
ceptionally  heavy  floor. 

It  was  but  a  short  time  after  the  bridge  was  opened  that  a 
settlement  in  the  river  piers  was  discovered.  These  piers  were 
built  on  a  wood  grillage  made  up  of  12  by  12  in.  timbers,  with- 


Fig.  4.  South  22nd  St.  Bridge.  Temporary  Lifting  Device  and  False 
Work  at  Channel  Span  in  Place  at  South  Pier. 

out  pile  foundation.  This  settlement  continued  for  several  years 
when  in  1907  it  was  decided  to  try  to  better  distribute  load¬ 
ings  of  bridge  over  a  larger  area  on  the  piers,  thus  hoping  to 
prevent  further  openings.  This  was  to  be  done  .  by  running 
seven  girders  4  feet  deep  under  shoes  of  bridge.  This  was, 
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indeed,  a  difficult  proposition  as  it  required  the  disturbing  of 
the  bearing  about  the  shoes  as  the  stone  was  cut  away  to  per¬ 
mit  placing  of  the  girders.  Before  the  above  work  was  com¬ 
menced,  a  clamping  device  was  placed  about  the  tops  of  piers. 
This  consisted  of  a  series  of  beams  bearing  on  ends  of  piers  close 
to  the  top  and  clamped  together  by  means  of  long  rods.  Work 
was  then  commenced  cutting  out  for  girders,  one  girder  was  put 
in  place,  but  the  real  condition  of  pier  was  then  seen  and  it 
proved  to  be  so  serious  that  work  was  stopped  and  the  contract 
cancelled. 

A  second  method  was  then  considered  which  provided  for 
driving  sheet  piling  about  the  wood  grillage  of  piers  and  drill¬ 
ing  numerous  4  inch  holes  in  the  piers  extending  well  to  the 
bottom,  and  filling  them  with  cement  grout.  By  this  it  was 
hoped  that  the  cement  would  fill  up  the  numerous  crevices,  of 
the  pier  and  run  well  in  and  around  old  grillage.  After  the 
completion  of  the  cofferdam,  work  on  pumping  out  was  begun 
and  continued  for  several  days,  when  a  further  settlement  of 
the  pier  was  discover'd.  It  was  then  that  the  city  appointed  a 
commission  of  the  following  prominent  engineers:  Hermann 
Laub,  Thomas  H.  Johnson,  and  E.  K.  Morse,  to  examine  the 
conditions  at  the  bridge  and  report  with  recommendations. 

In  this  report  they  stated  that  the  bridge  was  in  an  ex¬ 
tremely  unsafe  condition  and  recommended  that  the  two  river 
piers  be  removed  and  replaced  by  new  piers  on  pile  foundations. 

Plans  were  drawn  up  and  specifications  prepared  for  the 
support  of  bridge  and  the  reconstruction  of  piers.  The  Dravo 
Contracting  Company  of  Pittsburgh  were  awarded  the  con¬ 
tract  for  this  work.  The  building  of  false  work  and  sup¬ 
porting  of  the  bridge  while  piers  were  removed  and  replaced 
was  sub-let  to  the  Eichleay  Company.  Mr.  Hermann  Laub,  a 
former  member  of  the  commission  was  retained  by  the  Dravo 
Contracting  Co.  and  the  Eichleay  Company  as  consulting  en¬ 
gineer  for  this  work.  It  is  to  Mr.  Laub  that  much  credit  is 
due  for  the  method  under  which  this  work  was  pursued. 

The  following  novel  method  was  used  in  the  supporting  of 
this  bridge.  The  ends  of  the  520  ft.  trusses  were  suspended 
from  two  steel  lift  trusses  which  spanned  the  old  pier  and  were 
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supported  by  false  work  on  either  side  of  pier.  The  false  work 
was  built  so  as  to  give  plenty  of  space,  about  the  old  pier  for 
the  building  of  a  cofferdam. 

The  estimate  as  to  the  loading  on  false  work  was  assumed 
at  2000  tons,  of  this  1500  tons  was  to  be  taken  care  of  by  the 
lifting  device  while  the  loading  from  the  260  ft.  shore  span 
was  taken  care  of  by  a  separate  scheme.  The  260  ft.  span,  be¬ 
ing  of  a  double  Warren  type,  could  be  treated  differently.  It 
was  caught  up  at  the  second  top  chord  panel  point  from  the  pier 
and  supported  by  special  falsework. 


Fig.  5.  South  22nd  St.  Bridge.  False  Work  at  South  Pier  on  Rollers 

Ready  to  Lower. 

The  lifting  device  consisted  of  simple  triangular  trusses 
of  66  ft.  span  with  a  depth  of  23  ft.  6  in.  Each  truss  was  de¬ 
signed  for  a  load  of  1500  000  lb.,  top  chord  stressed  to  12  000 
lb.  while  the  eye  bars  were  stressed  to  18  000  lb.  per  sq.  inch. 

The  trusses  were  securely  built  about  the  members  of  the 
bridge  trusses,  the  bottom  chord  eye  bars  of  the  temporary 
trusses  were  just  above  the  sidewalk  level,  the  center  eye  bars 
suspended  from  pin  at  apex  of  trusses  consisted  of  4-12  by  2^ 
in.  eye  bars.  The  two  outer  bars  were  attached  to  ends  of  12  in. 
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pins  which  were  the  lower  chord  pin  of  the  520  foot  span. 
This  pin  was  provided  with  a  special  nut  which  gave  the  re¬ 
quired  hearing  for  bar.  The  two  inner  bars  were  shorter  and 
at  their  lower  ends  were  connected  to  two  smaller  and  shorter 
eye  bars  of  an  equal  area  which  were  attached  to  pins  through 
the  two  nickel  steel  lifting  beams  which  passed  through  the 
main  shoe  of  the  bridge.  These  lifting  beams  the  size  of  which 
were  6  in.  by  18  in.  by  iy2  ft.  between  centers  of  eye  bar  pins, 
were  stressed  to  30  000  lb.  per  sq.  in.  The  two  trusses  were 
connected  at  the  apex  by  a  strut  and  also  at  bolsters  to  take 
wind  stress. 

The  bolsters  or  shoes  for  temporary  trusses  set  on  a  series 
of  grillage  beams  arranged  to  distribute  the  loading  uniformly 
over  three  lines  of  2-12  by  12  in.  timbers  each.  These  timbers 
were  of  sufficient  length  to  extend  under  the  two  bolsters,  thus 
helping  to  tie  the  two  bolsters  well  together.  Below  these  lines 
of  timbers  were  arranged  screws,  about  100  being  placed  under 
each  shoe.  The  screws  set  in  iron  collar  blocks  and  were  sup¬ 
ported  by  steel  I- beams  which  set  directly  on  oak  timbers  of 
falsework. 

There  being  no  girder  at  pier  to  carry  stringers  it  was 
necessary  to  support  end  of  stringers  by  running  beams  under 
stringers  between  main  shoes  and  catching  these  beams  at  mid¬ 
point  with  rods  attached  to  a  hanger  suspended  from  peak  of 
temporary  trusses. 

The  arrangement  for  picking  up  the  ends  of  the  260  ft. 
span  was  more  simple.  A  tower  of  4-12  by  16  in.  timbers,  well 
braced,  was  extended  to  second  top  chord  panel  point  where, 
by  an  arrangement  of  beams,  bearing  on  the  chord  pin  was  se¬ 
cured.  The  4-12  by  16  in.  timbers  set  on  shorter  frame  work  of 
12  by  12  in.  timbers  which  extended  above  floor  level.  These 

12  bv  12  in.  timbers  were  bored  at  lower  end  for  screws  and  in 

«/ 

these  were  placed  the  20  ton  screws.  In  this  manner  the  load¬ 
ing  was  transferred  to  steel  grillage  which  was  supported  by 
thro  timbers  similar  to  arrangement  supporting  lifting  device 
and  screws  arranged  to  carry  same. 

When  the  screws  were  all  set  and  lifting  device  in  place, 
except  for  the  outer  bars  which  engaged  the  main  bridge  pins, 
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a  strain  was  placed  on  lifting  device  equivalent  to  one-half  of 
the  load  for  which  it  was  designed  or  full  load  on  inner  bars. 
Before  any  strain  was  placed  on  the  lifting  device  distances 
were  measured  accurately  on  the  bottom  chord  eve  bars  and  tin* 
two  inner  vertical  bars,  the  elongation  of  these  members  under 
the  assumed  loading  was  calculated  and  the  distance  laid  off 
on  bars.  Measurements  were  taken  from  time  to  time  as  the 
screws  were  being  operated  and  when  the  bars  were  found  to 
have  elongated  the  required  distance  under  the  assumed  load- 


Fig.  6.  South  22nd  St.  Bridge.  Removing  South  Pier. 

ing  the  raising  was  stopped  and  measurements  were  accurately 
taken  from  the  centers  of  pins  at  top  of  auxiliary  trusses  to 
centers  of  main  12  in.  bridge  pins.  These  four  measurements 
were  found  to  be  very  close,  within  ]/+  in.,  so  it  was  decided  to 
average  the  measurements,  allowing  for  the  elongation  of  these 
bars  under  their  full  load  and  deducting  from  the  measured 
length  the  elongation.  The  plank  end  of  bars  were  then  ordered 
to  be  drilled.  When  these  bars  were  put  in  place  the  strain 
having  previously  been  removed  from  lifting  device,  work  on 
the  raising  was  resumed.  Measurements  of  bars  for  elongation 
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under  full  load  were  taken  from  time  to  time  as  the  bridge  was 
raised,  the  readings  proved  the  accuracy  of  the  assumed  loadings 
coming  on  the  lifting  device. 

There  was  an  uneven  settlement  of  the  north  river  pier  of 
about  five  inches,  the  upstream  pier  having  a  settlement  of 
17  in.  while  the  downstream  12  in.  This  caused  a  movement  of 
11  in.  in  horizontal  direction  of  the  centre  line  of  bridge,  caus¬ 
ing  serious  strains  in  the  top  chord  bracing  and  other  members, 
some  of  them  having  buckled.  The  bottom  chord  eye  bars  of 
the  260  ft.  span  in  the  first  panel  from  pier,  were  buckled  on  the 
downstream  side  while  those  on  the  up-stream  trusses  were 
found  to  have  elongated  ^4  of  &n  inch — which  was  beyond  their 
elastic  limit  and  consequently  when  bridge  was  brought  to  grade 
and  alignment  a  buckle  in  these  bars  were  apparent.  By  forcing 
a  diaphragm  between  the  two  bars  tension  in  bars  was  again 
produced. 

The  bridge  was  first  brought  to  a  level  condition  by  oper¬ 
ating  the  screws  more  on  the  low  side  of  bridge  after  which  the 
screws  were  operated  first  on  one  side  of  pier  then  on  the  other 
until  bridge  was  brought  to  proper  grade. 

The  shore  span  as  stated  was  raised  by  the  12  by  16  in. 
timbers  together  with  the  steel  post  at  that  panel  point.  In 
order  to  take  care  of  the  difference  in  the  modulus  of  elasticity 
of  steel  and  wood,  screws  were  placed  on  the  top  of  grillage, 
and  were  kept  well  tightened  in  order  to  prevent  too  much  of 
the  load  being  taken  by  the  steel  post. 

The  bridge  was  brought  to  line  by  setting  the  screws  about 
a  quarter  of  an  inch  out  of  plumb  and  in  the  opposite  direction 
to  the  required  movement.  When  all  screws  had  been  tilted 
slightly  it  was  found  that  they  gradually  become  plumb,  this 
operation  was  repeated  until  finally  the  bridge  was  gradually 
walked  over  to  the  proper  line.  : 

A  portion  of  this  distance  was  gained  during  the  raising  of 
the  bridge,  upon  releasing  strains  in  bridge.  After  the  bridge 
was  raised  it  was  held  on  the  lifting  device  for  several  days  in 
order  to  make  certain  that  everything  was  perfectly  safe. 

The  pier  was  then  removed  and  replaced  by  new  pier  built 
on  175  piles  driven  to  refusal.  After  the  bridge  was  lowered 
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to  new  pier  the  lifting  device  was  removed  and  installed  at  the 
south  pier  and  work  was  similarly  done  as  on  north  pier.  The 
falsework  was  moved  on  flats  and  towed  over  to  the  south  pier 
and  moved  on  falsework  piling  without  taking  apart.  This 
meant  a  big  saving  of  time  in  this  work. 


Fig.  7.  South  22nd  St.  Bridge.  Moving  False  Work  from  North  Pier 

to  South  Pier. 

The  time  required  to  complete  the  work  on  the  two  piers 
was  nearly  two  years,  the  work  was  completed  without  any 
serious  difficulty,  the  lifting  device  proving  entirely  satisfactory 
for  the  work. 

MOVING  A  100  FOOT  STEEL  STRUCTURE  FROM  TEMPORARY  ABUTMENT 

TO  PERMANENT  ABUTMENT. 

The  truss  span  over  the  B.  &  0.  R.  R.  tracks  at  the  ap¬ 
proach  to  Glenwood  Bridge  was  recently  replaced  by  a  new 
span  of  a  much  heavier  construction. 
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The  span  is  approximately  100  ft.  in  length  and  weighed 
nearly  100  tons.  The  steelwork  consisting  of  the  floor  beams, 
stringers,  and  bottom  chord  together  with  the  web  members  be¬ 
low  the  floor  level  were  caused  in  concrete.  This  concrete  in¬ 
creased  the  dead  load  of  structure  to  over  200  tons. 

The  contract  with  the  Pittsburgh  Railways  Company  called 
for  the  erection  of  this  bridge  complete  without  the  interruption 
of  traffic  more  than  three  days.  It  was  therefore  quite  neces¬ 
sary  for  the  new  bridge  to  be  erected  alongside  of  old  structure 
and  then  moved  into  place  after  the  old  bridge  was  dismantled. 

The  sidewalk  brackets  were  first  removed  from  the  old  span 
in  order  to  locate  the  new  structures  as  close  to  the  old  site  as 
possible.  Temporary  abutments  for  new  structures  were  provided 
by  building  extensions  to  main  abutments  of  blocking  and  of 
sufficient  length  to  set  new  structure.  This  being  a  skew  bridge 
the  temporary  abutments  were  much  wider  than  the  width  of 
the  bridge. 

Midway  between  abutments  and  between  the  tracks  of  the 
B.  &  O.  R.  R.  a  wood  bent  was  erected,  the  same  height  as  the 
temporary  abutments,  extending  from  either  abutment.  Resting 
on  this  bent  were  two  pairs  of  20  in.  by  65  lb.  /-beams  approx¬ 
imately  60  ft.  in  length,  6  by  8  in.  runs  were  laid  over  these 
beams  and  continued  out  on  the  ground.  The  trusses  were  as¬ 
sembled  and  riveted  on  these  runs.  As  the  trusses  were  com¬ 
pleted  rollers  were  inserted  and  the  trusses  were  finally  rolled 
across  the  20  in.  /-beams  by  means  of  an  arrangement  of  tackle, 
the  derrick  being  used  only  to  keep  trusses  in  an  upright 
position.  The  derrick  was  of  20  ton  capacity  but  as  a  matter 
of  precaution  this  method  was  pursued,  the  weight  of  a  truss 
being  close  to  20  tons.  After  the  trusses  had  been  moved  out 
on  temporary  abutments  and  moved  apart  a  sufficient  distance 
to  permit  of  the  erection  of  floor  beams  and  stringers,  the 
erection  of  the  steelwork  was  then  completed  and  the  work  of 
encasing  floor  system  begun.  Upon  the  completion  of  the  con¬ 
crete  work  the  ties  and  sidewalk  were  laid. 

Attention  was  then  directed  to  the  dismantling  of  the  old 
structure,  the  traffic  was  closed,  cars  running  as  close  to  either 
abutment  as  work  would  permit.  Temporary  approaches  were 
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built  to  the  sidewalk  of  new  structure,  which  was  used  only  for 
foot  traffic.  The  old  structure  was  soon  cut  apart,  the  oxygen 
burner  was  used  to  good  advantage  in  this  work,  and  removed 
from  site  by  the  derrick. 

Upon  clearing  the  site  runs' were  laid  on  abutments  of  the 
old  structure,  rails  were  set  on  them,  and  brought  level  with 
the  rails  of  temporary  abutments,  shorter  rails  were  placed  under 
the  shoes  of  the  trusses,  thus  providing  a  good  bearing  top  and 
bottom  for  the  2^  in.  diameter  steel  rollers  which  were  arranged 
under  each  shoe. 


Fig.  8.  Glenwood  Bridge.  Arrangement  of  Blocking,  etc. 

Two  sets  of  blocks  rigged  3  and  3  were  attached  -to  a  shoe 
of  the  truss  on  either  end  and  the  blocks  arranged  to  move  new 
structure  in  the  direction  desired.  The  hoisting  engine  was 
used  to  furnish  powei  in  operating  blocks.  The  movement  was 
accomplished  in  about  an  hour,  somewhat  longer  time  being 
required  on  account  of  the  necessity  of  changing  hitch  of  blocks. 
Drums  were  set  close  to  the  abutment  on  one  side  and  screws 
were  also  set  on  false  work  which  had  previously  been  erected 
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between  tracks  and  bi ought  up  close  to  the  bottom  chord  and 
structure  raised  slightly  on  one  end  to  allow  the  removal  of  the 
rail,  rollers  and  runs,  after  which  that  end  was  lowered  to 
place.  Drums  were  then  set  at  the  other  end  and  in  a  similar 
manner  the  bridge  was  lowered  to  the  abutment.  The  new 
tracks  were  laid  on  bridge  and  planking  on  new  span  together 
with  a  portion  on  adjoining  approach,  which  was  renewed.  When 
the  approach  span  was  uncovered  the  condition  of  this  steel¬ 
work  was  such  as  required  considerable  new  steel,  the  delay 
in  obtaining  additional  steel  together  with  considerable  grading 
and  changing  of  tracks  at  the  approach  to  new  span  caused  a 
delay  in  opening  traffic  on  bridge,  so  that  it  was  nearly  six  days 
before  cars  were  running  over  the  new  span. 

MOVING  THE  ERIE  RAILROAD  CAR  DUMPER,  CLEVELAND,  OHIO. 

The  location  of  a  pier  for  the  new  Detroit  Superior  Via¬ 
duct  at  Cleveland  destroyed  the  usefulness  of  a  Car  Dumper 
owned  by  the  Erie  Railroad  and  used  for  the  loading  of  ves¬ 
sels  with  bituminous  coal  for  points  on  the  Great  Lakes. 

It  was  decided  to  move  the  Car  Dumper  a  distance  of  214 
feet  along  the  river  front  to  new  foundations,  which  would  be 
entirely  clear  of  all  viaduct  interference. 

The  contract  for  this  work  was  awarded  on  January  21st 
to  the  John  Eichleay  Jr.  Co.  Under  their  proposition  the  dump¬ 
er,  boilers  and  machinery  were  to  be  moved  as  a  unit  onto  their 
new  foundations.  Time  was  a  very  important  factor  in  the  let¬ 
ting  of  this  work,  all  other  bids  received  contemplated  the  dis¬ 
mantling  of  the  entire  structure  and  re-erecting. 

The  car-dumper  was  of  the  Wellman-Seaver-Morgan  type 
and  was  comparatively  new,  having  been  erected  in  1911. 

The  car  dumper  superstructure  when  the  pans  were  ele¬ 
vated  was  116  ft.  high,  38  ft.  6  in.  wide  and  56  ft.  long.  The 
main  structure  is  carried  on  four  columns,  the  loading  on  the 
two  front  columns  when  the  pan  is  elevated  and  car  cradle 
suspended  is  about  250  tons ;  while  the  two  rear  columns  carry 
about  80  tons. 

When  we  consider  the  entire  proposition  including  the 
boilers,  brick  work,  engines  and  machinery  along  with  the 


Fig.  9.  Arrangement  of  Blocking  for  Moving  Car  Dumper  at  Cleveland,  Ohio. 
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dumper  it  meant  the  moving  of  a  structure  40  ft.  wide  by  110 
ft.  long  and  116  ft.  high  and  weighing  approximately  800  tons 
a  distance  of  214  ft. 

In  moving  this  car  dumper  it  was  necessary  to  move  over 
a  dock  platform  nearly  100  ft.  long  by  28  ft.  wide.  This  plat¬ 
form  was  built  on  bents  of  piles  spaced  six  feet  apart,  each 
bent  being  made  up  of  five  vertical  and  three  batter  piles. 

The  material  to  the  rear  of  dock  platform  was  of  a  hard 
clay  retained  by  sheet  piling  built  against  the  ends  of  the  pile 
bents.  The  problem  of  moving  the  structure  over  this  platform 
safely  was  the  one  which  seemed  to  give  the  greatest  concern. 
Tt  only  meant  however,  that  if  the  loading  could  be  evenly  dis¬ 
tributed  over  piling,  no  danger  would  be  encountered.  It  would 
mean  only  a  loading  of  about  10  tons  per  piling,  which  was 
amply  safe.  The  batter  piling  could  then  be  used  to  retain  clay 
back  of  platform. 

The  manner  of  proceeding  with  this  work  was  as  follows: 

The  structure  was  prepared  for  raising.  This  was  done  by 
clamping  2-24  in.  by  80  lb.  I- beams  about  16  ft.  in  length  to 
each  of  the  two  main  front  columns  and  extending  cross  wise 
of  the  structure,  the  bottom  flanges  of  these  beams  caught  up 
the  underside  of  column  bases,  making  a  secure  clamping  and 
holding  device.  The  other  columns  were  caught  up  by  means 
of  clamping  12  by  12  in.  timbers  to  either  side;  a  system  of 
timber  grillage  was  installed  which  carried  the  engines  and  ma¬ 
chinery  arranged  in  such  a  manner  that  the  greater  part  of  the 
loading  would  be  thrown  to  the  rear  of  the  structure. 

The  brick  work  encasing  the  three  Stirling  Boilers  was 
raised  by  means  of  steel  /-beams,  a  rigid  frame  especially  pro¬ 
vided  for  this  work  having  been  used.  After  the  above  pre¬ 
liminary  work  was  completed  the  entire  structure  was  raised 
a  distance  of  nearly  three  feet,  in  order  to  allow  clearance  for 
the  building  of  the  runs  and  the  placing  of  rollers.  As  an  ad¬ 
ditional  precaution  in  throwing  more  weight  to  rear  columns 
the  front  columns  were  elevated  6  inches  higher  than  the  rear. 

Under  the  24  in.  /-beams  and  running  longitudinally  of 
structure  12  in.  by  31 1/>  lb.  /-beams  were  placed  thus  forming  the 
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top  bearing  for  the  rollers  on  the  outer  set  of  runs  between  two 
front  columns. 

The  other  two  sets  of  runs,  that  is  the  center  and  rear 
together  with  runs  supporting  the  coal  pockets  had  for  the  top 
bearing  of  rollers  12  by  12  in.  timbers.  Blocking  was  used  under 
each  of  the  three  lines  of  runs  and  brought  to  proper  height 
for  rollers. 


Fig.  10.  Arrangement  of  Runs  and  Rollers  for  Turning  Building  at 

Glens  Falls,  N.  Y. 


On  the  dock  platform  blocking  was  built  up  over  each  bent 
and  on  these  and  directly  over  bents  were  placed  20  in.  by  65 
lb.  /-beams,  which  were  30  ft.  in  length  and  extended  under  the 
middle  set  of  runs  at  rear  of  platform  and  set  on  high  piling 
at  front  of  dock,  the  piling,  having  previously  been  cut  off 
level  with  the  old  concrete.  The  beams  were  braced  to  prevent 
shifting  or  overturning. 

Upon  these  20  in.  /-beams  were  placed  12  in.  by  3U/2  lb. 
beams  running  the  full  length  of  dock  and  resting  on  the  con- 
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crete  at  either  end,  these  beams  forming  the  bottom  bearing  for 
the  front  set  of  runs.  For  the  center  and  rear  runs  over  the 
platform  12  by  12  in.  timbers  with  blocking  of  sufficient  height 
for  6  by  8  in.  oak  runs  were  used. 

The  structure  was  lowered  on  rollers  after  having  been 
raised  to  the  proper  height,  and  by  means  of  two  winches  and 
two  sets  of  blocks  rigged  5  and  5  the  structure  was  gradually 
moved  over  to  new  foundations.  Horses  were  used  to  provide 
the  necessary  power. 

It  was  found  necessary  to  “cut”  the  rollers  slightly  on  ac-. 
count  of  the  new  location  not  being  in  a  direct  line  with  the 
old.  When  the  structure  was.  over  the  new  foundations,  the 
screws  were  again  set,  the  rollers  and  runs  were  removed  and 
the  structure  lowered.  There  were  250  anchor  bolts  in  the 
new  foundations  and  no  special  difficulty  was  had  in  catching 
them. 

It  took  only  22  days  from  the  time-  the  material  arrived  at 
the  site  to  prepare  the  structure  for  moving.  The  raising,  mov¬ 
ing  and  lowering  of  structure  was  accomplished  in  8  days.  It 
was  found  on  taking  levels  on  the  platform  over  which  the 
structure  had  remained  for  a  night  that  a  settlement  of  only  yA 
of  an  inch  had  taken  place  and  this  was  more  than  likely  in  the 
compression  of  the  timber  and  blocking. 

The  steam  pipes  from  boilers  to  engines  were  not  dis¬ 
connected  during  the  moving,  a  careful  examination  of  brick 
work,  supporting  boilers  proved  that  no  cracks  had  developed. 

The  moving  of  the  boilers  with  the  brick  work  was  thought 
by  boiler  people  to  be  quite  impracticable  and  consequently  was 
watched  by  them  with  critical  eyes. 

The  above  contract  was  completed  and  material  shipped  to 
yard  by  March  15,  within  40  working  days  of  the  arrival  on  the 
ground. 

MOVING  AND  TURNING  A  LARGE  THREE-STORY  OFFICE  BUILDING. 

This  building  was  owned  by  the  Glens  Falls  Insurance  Co. 
and  was  located  at  Glens  Falls,  New  York.  It  was  removed 
from  the  old  site  to  provide  room  for  a  new  office  building.  The 
building  was  60  ft.  by  105  ft.  in  size  and  was  of  three-story 
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construction  with  heavy  16  in.  walls,  a  heavy  vault  with  28  in. 
walls  formed  part  of  the  construction. 

This  building  weighing  approximately  2600  tons  was  rais¬ 
ed  two  feet,  then  turned  thru  90  degrees,  moved  across  the 
street  between  two  other  buildings  and  lowered  two  feet  to 
proper  level. 

The  first  step  in  connection  with  this  work  was  the  placing 
of  the  12  in.  by  31  y2  lb.  /-beams,  crosswise  of  the  building,  holes 


Fig.  11.  Building  Turned  and  in  Position  to  Move  in  Direct  Line  Across 
the  Street  to  New  Location  in  Glens  Falls,  N.  Y. 

were  cut  in  the  walls  below  the  first  floor  and  these  beams  which 
were  from  50  to  65  ft.  in  length  were  set  in  groups  of  three  and 
spaced  about  5  ft.  on  centers  of  groups.  These  12  in.  I- beams 
weie  set  on  five  lines  of  12  by  16  in.  timbers  which  ran  longi¬ 
tudinally  of  the  building,  one  line  of  timbers  was  placed  at  the 

center  of  the  bidding  and  one  inside  and  outside  of  the  two 

side  walls. 
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These  timbers  set  on  about  400  jack  screws  of  10  ton  ca¬ 
pacity  which  in  turn  set  on  wood  collar  blocks,  bearing  directly 
on  top  of  the  five  lines  of  6  by  8  in.  blocking. 

The  end  walls  and  cross  walls  were  picked  up  by  means  of 
10  in.  /-beams,  which  beams  were  set  on  the  12  in.  by  3iy2  lb. 
/-beams  which  crossed  the  building. 


Fig.  12.  Building  Being  Moved  Across  a  Main  Street  in 

Glens  Falls,  N.  Y. 


The  building  was  then  raised  about  two  feet  and  prepared 
to  turn.  Additional  block  piles  were  built  and  6  by  8  in.  runs 
were  laid  spaced  about  2-feet  apart  and  similar  to  chords  of  an 
arch  concentric  with  a  6-inch  cast  iron  pivot  ball  which  was  the 
center  of  rotation  and  which  was  placed  between  two  plates. 
By  shifting  the  screws  the  8  in.  rollers,  of  which  there  were  about 
500  in  number  were  set  in  place  on  runs  provided,  bearing  on 
the  roller  plank  above  which  bear  against  the  12  by  16  in. 
timbers  and  the  cross  12  in.  /-beams.  These  rollers  were  radial 
to  the  pivot  ball.  After  they  were  set  the  screws  were  lowered 
and  load  transferred  to  rollers  and  then  by  means  of  tackle  and 
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capstan  and  a  team  of  horses  the  building  was  slowly  revolved 
the  required  distance.  This  was  a  tedious  and  slow  operation 
on  account  of  delay  in  “cutting  rollers’ ’ — this  operation  re¬ 
quired  two  weeks  time. 

After  the  building  had  been  revolved  the  required  dis¬ 
tance  it  was  again  prepared  for  raising  by  placing  screws  under 
the  structure  and  releasing  the  rollers  which  were  removed. 
Five  new  runs  were  then  prepared  and  the  rollers  were  again 
inserted  and  load  placed  on  them.  The  building  was  then  moved 
across  street.  Care  was  required  in  moving  the  building  as  the 
rollers  were  cut  slightly  to  miss  the  corner  of  an  adjoining 
church. 

It  took  8  days  for  this  moving  operation,  only  a  small  por¬ 
tion  of  this  time  was  actually  used  in  moving.  The  greatest 
distance  traversed  in  one  day  was  about  65  feet.  As  the 
structure  was  moved  into  new  site  the  building  was  built  up 
on  high  block  piles  due  to  excavations  for  basement.  These 
blockings  were  nearly  13  feet  high.  After  lowering  two  feet 
to  proper  height  the  building  was  located  in  its  new  position 
and  walls  were  built  up  and  timbers  and  beams  removed. 

The  tackle  used  in  moving  this  structure  consisted  of  two 
sets  of  blocks  rigged  7  and  7.  A  chain  was  thrown  around  the 
12  by  12  in.  timbers  to  the  front  of  building  which  had, bearing 
on  ends  of  the  12  by  16  in.  timbers.  The  other  block  was  pin 
connected  to  two  sets  of  two  eye  bars  each  which  were  attached 
by  means  of  pins  to  two  channels  having  a  4  by  12  in.  timber 
between  them  and  bearing  directly  on  the  12  by  16  in.  timbers 
at  the  rear  of  building.  The  last  line  of  each-  set  of  blocks  was 
taken  to  the  capstan  which  was  operated  by  a  team  of  horses. 
It  was  estimated  that  the  necessary  power  required  to  move 
structure  was  close  to  150  tons. 

The  time  for  the  completion  of  this  work  was  about  60 
working  days  with  40  men  per  day.  An  examination  of  build¬ 
ing  showed  it  to  be  in  perfect  condition,  no  cracks  or  other 
evidence  that  building  had  been  strained  could  be  discovered. 
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DISCUSSION. 

Mr.  A.  Stucki  :  I  did  not  understand  one  expression,  where 
he  spoke  of  ‘ ‘cutting’’  the  rollers.  I  thought  he  meant  to  make 

them  conical,  but  I  judge  that  is  a  mistake. 

\ 

The  Author  :  1  ‘  Cutting  ’ ’  the  rollers  is  a  term  used  in  our 
work  meaning  the  knocking  of  one  end  of  roller  slightly  with  a 
hammer  to  change  the  general  direction  of  structure  being 
moved.  It  is  true,  however,  we  find  it  necessary  at  times  to 
cut  rollers  with  a  saw. 

Mr.  Elmer  K.  IIiles  :  There  is  one  very  interesting  point 
that  Mr.  Nichols  did  not  bring  out,  in  connection  with  moving 
the  car  dumper  at  Cleveland,  and  that  is  the  great  care  the 
Eichleay  Company  took  to  avoid  a  shut  down  of  operations  of 
the  dumper  in  case  they  met  with  an  accident.  I  think  he  might 
enlarge  on  that  point. 

The  Author  :  Under  our  contract  for  the  moving  of  the 
car  unloader  at  Cleveland,  there  was  a  penalty  clause  and  a 
liberal  bonus  if  work  was  completed  on  or  before  a  certain  date. 
In  order  to  protect  ourselves  against  the  loss  of  this  bonus 
money,  which  we  anticipated,  two  complete  sets  of  detail  draw¬ 
ings  were  secured  covering  all  structural  material,  machinery 
and  boilers  to  be  moved.  One  set  was  left  at  the  job  while 
the  other  set  was  sent  to  our  office.  In  case  a  break  occurred 
on  any  part  even  to  a  bolt  such  part  could  be  ordered  and  put 
in  place  in  the  quickest  possible  time.  We  did  not  experience 
any  accidents  whatever,  in  the  breaking  of  any  part  of  the 
structure.  The  wTork  was  completed  one  week  before  the  time 
set  in  contract,  for  the  procuring  of  bonus  money. 

Prof.  H.  R.  Thayer  :  This  is  a  very  interesting  paper.  I 
would  like  to  ask  something  about  the  method  of  attaching  ropes 
to  the  building.  It  seems  to  me  that  would  involve  a  great  deal 
of  care  in  handling  a  masonry  structure.  Of  course  a  well 
braced  steel  structure  would  hang  together,  but  in  dealing  with 
masonry  all  engineers  understand  it  is  an  entirely  different  mat¬ 
ter.  I  would  like  to  know  how  they  arrange  the  pull  on  the 
rope  and  what  method  is  taken  to  brace  the  frame  work,  or 
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whether  they  rely  entirely  on  the  uniform  movement  of  the 
structure.  * 

Another  point  is  whether  Mr.  Nichols  can  give  us  the  values 
he  uses  in  designing  his  timbers  and  steel  work  for  this  duty, 
and  if  he  can  tell  us  something  about  the  pressure  that  is  due 
to  a  brick  wall.  That  is  one  of  the  things  about  which  there 
is  more  or  less  argument  and  dispute  among  engineers  and  more 
particularly  in  the  line  of  bolted  joints.  We  have  very  little 
information  of  that  sort  and  in  handling  emergencv  matters 
like  these  I  know  he  has  to  meet  cases  of  actual  failure  of  ma¬ 
terial  and  he  is  in  better  position  to  tell  us  what  these  stresses 
are  than  other  engineers,  where  a  failure  means  a  pretty  ser¬ 
ious  matter.  If  we  put  up  a  bridge  and  it  fails  we  do  not  know 
oftentimes  whether  the  stresses  we  are  using  over  and  over 
again  are  safe  or  too  far  on  the  side  of  danger.  I  imagine  he 
can  tell  just  where  the  danger  line  lies,  handling  such  timbers 
and  having  met  at  times  with  unusual  stresses. 

The  Author  :  In  the  moving  of  brick  structures  great 
care  is  required  to  keep  the  building  level  and  the  movement  uni¬ 
form.  It  is  usually  customary  to  run  cables  entirely  around 
the  building  and  tighten  by  means  of  ratchets. 

In  attaching  the  ropes  to  take  the  blocks  for  moving  a 
brick  structure  these  are  not  connected  directly  to  any  part  of 
the  brick  building,  but  to  the  timber  or  steel  grillage  upon 
which  the  building  sets.  Thus  the  weight  of  the  building  is 
used  as  anchorage  for  holdng  timbers  secure  where  ropes  are 
attached. 

In  the  case  of  the  Glens  Falls  work,  heavy  timbers  run 
longitudinally  the  entire  length  of  the  building  and  resting  on 
these  timbers  were  beams  spaced  about  five  feet  apart.  These 
beams  took  the  direct  load  of  the  building.  These  timbers  were 
cut  off  at  rear  end  of  building  to  secure  an  even  bearing  for  the 
steel  channels  which  bear  directly  against  the  ends  of  timbers. 

To  these  channels  two  sets  of  heavy  blocks  were  attached _ 

one  block  of  either  set  being  attached  to  timbers  at  the  front 
of  building  while  the  other  block  was  attached  to  the  channels 
at  rear  of  building,  the  last  line  of  each  set  of  falls  was  then 
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brought  to  the  front  and  attached  to  horse  crab  at  the  front  of 
building. 

In  our  experience  steel  structures  rarely  fail  under  less 
load  than  what  is  usually  allowed  by  reputable  engineers — 
compression  members  are  more  common  in  failure  than  tension 
members.  Failures  are  usually  due  to  increased  loadings,  which 
are  far  beyond  that  which  structures  was  originally  designed. 

Mr.  W.  E.  Snyder:  It  has  always  been  sort  of  a  mystery 
to  me  how  you  managed  to  get  the  building  up  off  the  founda¬ 
tion  and  keep  on  raising  until  you  get  to  the  desired  height, 
with  such  a  structure  as  brick  and  masonry,  without  cracking 
it,  getting  one  end  a  little  ahead  of  the  other  and  getting  it 
twisted  enough  to  produce  cracks,  especially  where  you  have  so 
many  men  to  deal  with  and  a  good  many  jacks  under  the 
building. 

The  Author  :  The  building  is  watched  carefully  by  all 
the  men  to  assure  of  the  raising  in  a  level  position.  These  levels 
are  procured  by  means  of  ordinary  carpenters  spirit  level  which 
is  placed  on  runs  and  timbers  which  support  the  structure  and 
kept  as  near  level  as  possible. 

Mr.  Emil  Danenhauer:  In  raising  the  building  a  number 
of  screws  are  divided  among  the  men.  Each  man  may  have  ten 
screws  to  turn.  Each  man  takes  his  screws  and  makes  two 
rounds  on  a  given  signal.  He  starts  at  one  end  and  makes  a 
quarter  turn  and  goes  through  to  the  end  of  his  screws,  and 
then  returns  and  stops  until  every  one  else  is  through  and  until 
the  signal  to  turn  is  given  again.  Then  of  course  beside  that 
we  use  the  level  on  the  runs  and  the  timbers  supporting- the 
building  to  see  that  they  are  kept  level. 

Mr.  A.  Stucki  :  I  noticed  in  McKees  Rocks  what  looked 
like  a  troublesome  job  -the  raising  of  half  of  a  brick  building. 

The  Author  :  As  for  the  raising  of  half  a  brick  building 
it  would  only  be  necessary  to  provide  supports  for  the  walls 
along  line  where  building  is  cut,  these  supports  would  be  in 
the  nature  of  drams,  extending  from  roof  to  basement. 

Mr.  Hermann  Laub  :  I  have  had  quite  a  number  of 
structures,  principally  bridges,  to  move,  lift  and  readjust  dur- 
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ing  the  last  20  years.  One  of  my  first  jobs  was  the  readjustment 
of  the  7th  Street  Bridge  over  the  Allegheny  River  in  Pitts¬ 
burgh.  The  anchorage  on  the  Allegheny  side  of  this  bridge 
settled  and  gave  somewhat,  which  (this  bridge  being  of  a 
suspension  type)  shortened  the  distance  between  the  Pittsburgh 
and  Allegheny  anchorages  about  5y2  inches  and  distorted  the 
cable  chains  at  the  middle  of  the  channel  spans.  To  get  these 
braced  chains  in  their  proper  location,  it  was  necessary  to  pull 
them  51/2  in.  in  the  direction  towards  Allegheny.  A  new  an¬ 
chorage,  back  of  the  existing  one  in  Allegheny,  was  built  with 
Jiew  anchor  chains.  After  this  was  done  the  eye -bar  chains 
at,  the  Allegheny  side  were  disconnected  from  the  anchor  chains 
of  the  old  anchorage  and  by  means  of  pulling  rods  connected 
to  the  new  anchor  chains  and  cable  chains,  hydraulic  lifts  ap¬ 
plied  in  the  center  of  the  channel  spans  on  a  few  wooden 
trestle  bents  built  for  that  purpose,  the  whole  bridge  was  then 
connected  within  36  hours.  This  was  done  in  the  fall  of  1896. 

Another  work  of  this  kind  was  the  raising  of  the  Boston 
Bridge  near  McKeesport  over  the  Youghiogheny  River  in  1899. 
This  bridge  is  a  cantilever  construction,  with  a  350  foot  chan¬ 
nel  span  and  two  175  ft.  end  spans.  On  the  McKeesport  side 
it  had  a  bad  grade  crossing,  the  grade  of  this  end  span  being 
5  percent  and  the  B.  &  0.  R.  R.  tracks  being  on  a  sharp  curve. 

I  was  directed  to  make  an  overhead  crossing  and  for  this  pur¬ 
pose  it  was  necessary  to  lift  the  bridge  on  the  pier  nearest  the 
B.  &  0.  R.  R.  about  17  ft.,  to  give  the  railroad  the  necessary 
clear  head  room  of  21  ft.  I  worked  out  a  plan,  to  raise  this 
bridge  right  from  the  stone  pier  and  build  up  gradually  under¬ 
neath  with  steel  grillage  laid  in  concrete.  I  asked  for  bids,  but 
the  bridge  companies  were  not  anxious  to  do  this  work.  So  I 
took  the  contract  myself  with  the  stipulation  to  have  the  raising 
done  in  10  days.  The  first  day  we  only  lifted  it  y2  inch,  but 
the  second  day  we  raised  it  up  33  inches  and  in  9  days  the  whole 
lifting  was  completed. 

The  repair  work  of  the  22nd  St.  Bridge  in  1908-1910,  with 
which  I  was  connected  and  which  was  just  so  ably  described 
by  Mr.  Nichols  was  perhaps  one  of  the  riskiest  pieces  of  bridge 
work  done  in  this  part  of  the  country,  considering  the  limber 
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superstructure  itself,  the  danger  from  iee  and  drift  on  the 
temporary  piers  and  the  maintaining  of  the  traffic  for  a  period 
of  a  year  and  a  half. 

Outside  of  bridges,  it  may  interest  to  mention  the  recon¬ 
struction  of  the  Homeopathic  Hospital  on  Center  Ave.  in  1908. 
This  building,  which  was  built  partly  on  clay,  settled  as  much 
as  one  foot  during  24  hours  at  some  places ;  the  foundation  walls 
moved  inside  at  their  bases  and  for  some  time  it  looked  as  if 
the  building  might  collapse.  By  quick  action  and  spreading 
these  foundation  walls  apart  by  timber  and  screws  on  the  floor 
of  the  cellar,  a  collapse  was  probably  prevented.  All  this  work 
as  well  as  lifting  of  the  building  walls  to  their  proper  level, 
so  as  to  remove  old  foundation  walls  and  put  in  new  ones,  was 
done  by  John  Eichleay,  Jr.  in  the  manner  as  described  by 
Mr.  Nichols  in  his  paper. 

Mr.  T.  J.  Wilkerson  :  My  personal  experience  with  the 
raising  or  moving  of  structures  is  very  limited;  the  only  one 
with  which  I  have  had  any  connection  being  the  South  22nd 
St.  Bridge.  At  the  time  this  work  was  done  I  was  connected 
with  the  Division  of  Bridges,  City  of  Pittsburgh  as  Assistant 
Engineer  and  had  the  pleasure  of  looking  into  the  design  pro¬ 
posed  by  Mr.  Laub  and  checking  up  its  strength. 

I  notice  one  point  in  Mr.  Nichols’  paper  regarding  this 
bridge  that  I  don’t  think  he  clearly  described,  that  is,  that  the 
260  ft.  span  and  the  520  ft.  span  were  connected  to  the  same 
shoe  with  separate  pins,  making  it  necessary  to  raise  both  spans 
together  to  prevent  tipping  the  shoe  and  it  was  not  possible  to 
attach  both  pins  to  the  raising  truss  without  a  possible  end 
thrust  which  would  have  been  risky.  It  was  also  necessary  to 
support  the  greater  part  of  the  weight  of  the  260  ft.  span  at 
the  top  chord  point,  owing  to  the  weakness  of  the  truss  post  at 
this  point.  It  is  my  opinion  that  the  plans  followed  in  raising 
and  supporting  this  bridge  were  as  good  as  could  be  used  for 
the  work. 
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XXN  TKOD  U  CTION. 

One  of  the  most  important  subdivisions  of  hydraulics  is  the 
measurement  of  flowing  water.  The  various  methods  in  use 
tor  such  measurement  may  be  separated  into  three  classes : 

1.  Direct  measurement  by  volume,  or  by  weight 

3.  Measurement  of  a  difference  of  elevation,  or  pressure  drop 
between  two  points  in  a  stream,  from  which  the  discharge,  or 

e  average  velocity  at  a  section  of  the  stream,  can  be  determined 
from  known  relations.  This  includes  weirs;  the  Venturi  meter- 
standard  orifices  or  calibrated  nozzles;  measurement  of  slope 
of  hydraulic  gradient,  or  gauge  height,  of  an  open  stream,  or 
ot  difference  of  pressure  across  a  pipe  bend. 

3  Measurement  of  the  local  velocity  at  various  sections  of 
a  stream,  and  determination  of  discharge  by  integration  of  the 
product:  area  X  velocity  of  each  section. 

A  method  not  included  in  any  of  these  classes,  which  may 
e  worth  mentioning,  is  the  introduction  of  a  known  amount  of 
chemical  with  the  water  to  be  measured,  and  determination  of 

e  amount  of  the  substance  per  cubic  foot  of  the  resulting 
mixture. 

For  the  accurate  measurement  of  large  quantities  of  water. 
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the  first  method  can  sometimes  be  adopted  by  the  use  of  a  close- 
fitting  apron,  or  screen,  filling  a  flume  of  rectangular  section, 
and  moving  through  the  length  of  the  flume.  The  second  meth¬ 
od  can  be  applied  to  large  discharges  by  the  use  of  weirs  or 
spillways  having  known  coefficients.  In  most  cases,  however, 
where  flows  of  considerable  magnitude  must  be  handled,  the 
only  method  which  can  be  used  without  building  expensive 
structures  is  the  third;  and  in  many  cases  where  small  dis¬ 
charges  must  be  measured  in  closed  systems,  as  in  water  mains 
or  boiler  feed  lines  for  instance,  this  method  is  the  only  feasible 
one.  The  present  paper  will  be  confined  to  this  method. 

MEASUREMENT  OF  VELOCITY 

The  principal  methods  of  measuring  velocity  are  by  means 
of : 

1.  Current  meters  of  the  mechanical  type. 

2.  Rod  or  subsurface  floats. 

3.  The  hydrometric  balance. 

4.  The  Pitot  tube. 

The  first  method  is  probably  the  one  in  most  general  use. 
The  most  recent  developments  in  the  use  of  current  meters 
have  been  described  by  Mr.  B.  F.  Groat  in  a  valuable  paper 
“Cup  and  Screw  Meters”1  and  will  be  referred  to  here  only 
when  it  is  desired  to  compare  the  performance  of  current  meters 
and  Pitot  tubes.  The  rod  float  method  may  be  applied  under 
favorable  conditions  in  open  channels  of  uniform  section,  but 
can  rarely  be  relied  on  for  an  accuracy  of  one  percent. 

The  third  method,  which  would  seem  to  the  writer  to  offer 
considerable  promise,  depends  upon  the  measurement  of  the 
pressure  exerted  by  the  water  against  a  plate  held  normal  to 
the  current.  Since  this  method  has  not  been  developed  in  mod¬ 
ern  practice,  it  will  not  be  treated  here  on  account  of  the  few 
data  available.  The  fourth  method,  the  use  of  the  Pitot  tube,  is 
perhaps  capable  of  more  general  application  than  any  of  the 
others,  and  furnishes  one  of  the  most  useful  tools  which  the 
engineer  can  command. 

1  “Characteristics  of  Cup  and  Screw  Current  Meters,”  by  B.  F.  Groat.  Transc. 
Am.  Soc.  C.  E.  v.  LXXYI  (76),  p.  819. 
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THE  PITOT  TUBE 

Any  pipe  bent  into  a  direction  parallel  to  the  current  and 
inserted  in -a  stream  with  the  end  facing  the  current,  may  be 
said  to  form  a  Pitot  tube.  The  end  may  be  of  a  large  variety 
of  shapes,  but  should  be  in  a  symmetrical  form  with  respect  to 
an  axis  having  the  direction  of  the  current.  The  pressure 
created  in  the  tube  will  furnish  a  measure  of  the  velocity;  and 
to  determine  this  pressure,  gages  of  many  forms  may  be  used. 
When  used  in  closed  channels,  the  Pitot  tube  must  be  accom¬ 
panied  by  peizometers  to  measure  the  static  pressure  in  the 
stream;  these  peizometers  are  usually  connected  to  a  differential 
pressure  gage  of  the  two-fluid  type.  The  fluid  used  in  the 
gage  may  be  mercury,  air  under  pressure,  or  oil ;  depending  on 
m  hetlier  high,  moderate  or  low  velocities  are  to  be  measured. 

The  Pitot  tube  records  a  pressure-head  exactly  equal  to  the 
velocity  head  of  the  water  impinging  on  it,  added  to  whatever 
static  pressure-head  exists  in  the  stream.  If  the  static  pres¬ 
sure-head  be  deducted  from  this  sum,  as  is  done  by  a  differential 
gage,  the  result  is  the  true  velocity-head  li,  from  which  the  de¬ 
sired  velocity  can  be  found  by  the  relation  v  =  \/  2  gh,  as  will 
be  shown. 

The  static  pressure  is  sometimes  more  difficult  to  deter¬ 
mine  than  the  Pitot  pressure ;  although  this  can  be  satisfactorily 
accomplished  in  the  case  of  a  pipe  by  connecting  peizometer 
tubes  to  the  pipe  wall,  care  being  taken  that  the  peizometer 
openings  pierce  the  inner  wall  surface  without  causing  projec¬ 
tions  or  irregularities  to  disturb  the  flow  in  the  pipe,  and  that 
the  hole  be  perpendicular  to  the  surface  and  be  finished  flush 
and  with  square  corners.  The  pipe  surface  near  the  opening 
should  be  smooth  and  regular.  The  static  pressure  in  an  open 
channel  is  of  course  given  by  the  elevation  of  the  water  surface, 
which  can  be  obtained  by  hook  gage  in  a  stilling  box  or  by 
peizometer  connections  in  the  side  walls. 

THEORETIC  BASIS  FOR  DISCUSSING  CONDITIONS  IN  A  FLOWING  STREAM 

Before  taking  up  the  theory  of  the  Pitot  tube,  it  will  be 
advisable  to  explain  a  method  of  determining  the  conditions  at 
any  point  of  a  flowing  stream.  This  method  may  he  used  not 
only  for  the  immediate  purpose  of  this  paper,  but  also  for  many 
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hydraulic  problems  involving  the  flow  in  stationary  or  rotating 
channels. 

Starting  with  the  principle  that  the  force  F  required  to 
produce  in  W  pounds  of  water  per  second  an  increase  of  velocity 
from  zero  up  to  V  feet  per  second,  or  a  decrease  in  velocity  from 
V  to  zero — that  is,  the  force  required  to  accelerate  the  water  in 
a  tank  from  rest  up  to  a  discharge  velocity  V,  or  to  retard  the 
issuing  jet  from  V  to  zero — is  given  by  the  relation : 


let  us  consider  the  equilibrium  of  the  tank  shown  in  Fig.  1. 


Fig.  l. 


A  jet  of  water  in  which  W  pounds  of  water  per  second  are 
flowing  enters  the  tank  with  a  velocity  V ;  and  an  equal  amount 
of  water  is  discharged  from  the  bottom  of  the  tank  with  a 
velocity  V,.  The  force  exerted  by  the  entering  water  upon  the 
water  in  the  tank  is, 


WV 

9 


the  impulse  of  the  jet;  and  the  force  exerted  by  the  leaving 
water,  or  the  reaction  of  the  leaving  jet  is 


W\ 


9 

The  flow  being  steady,  the  water  which  is  in  the  tank  at 
one  instant  is  in  the  L>ame  condition  as  the  water  which  is  in 


MOODY — VELOCITY  OF  FLOWING  WATER  9g3 

the  tank  at  another  instant;  in  other  words,  although  the  water 

as  it  flows  through  the  tank  may  vary  in  velocity  from  point  to 

point  in  space,  nevertheless  the  conditions  at  any  given  point 

m  the  tank  remain  constant  with  respect  to  time.  Since  there 

is  no  increase  or  decrease  in  the  velocity  at  any  point  in  the 

tank  from  instant  to  instant,  the  body  of  water  filling  this  space 

is  in  equilibrium  and  is  being  acted  upon  by  a  system  of  balanced 

torces.  The  force  which  must  be  exerted  by  the  sides  of  the  tank 

upon  the  water  must  therefore  be  equal  and  opposite  to  the 

resultant  force  exerted  by  the  water  upon  the  tank;  which  in 
this  case  is 


W 


(V—Vi) 

9 


if  l  and  V1  are  in  a  straight  line. 

It  should  be  noted  that  this  result  is  dependent  only  upon 
e  "eight  of  water  passing  through  the  system,  and  upon  the 
velocity  of  entrance  and  discharge,  and  is  entirely  independent 
of  the  intermediate  conditions  of  flow.  The  velocity  may  be 
gradually  changed  from  V  to  V1  with  a  small  loss  of  energ'v.  or 
the  entrance  velocity  V  may  be  dissipated  in  impact  and  eddies 
efore  the  water  in  the  tank  is  raised  to  the  discharge  velocity 

* ;  that  “»  the  result  is  “ot  dependent  upon  the  presence  or 
absence  of  energy  losses  in  the  system.  It  will  therefore  be 
unnecessary  to  modify  the  results  obtained  by  this  method  to 
allow  for  frictional  resistances,  or  other  losses ;  and  it  does  not 
matter  whether  the  flow  is  turbulent  or  not. 


Fig.  2. 


Consider  next  the  stream  of  water  flowing  in  the  closed  chan¬ 
nel  of  varying  section  shown  in  Fig.  2,  in  which  IT  pounds  of 
"ater  per  second  are  flowing  from  A  to  At.  The  flow  is  assumed 
to  be  steady;  that  is,  constant  with  respect  to  time. 
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Consider  an  elementary  portion  of  the  channel  of  cross- 
sectional  area  A  and  length  c Is.  From  the  condition  of  equili¬ 
brium  of  this  space,  the  resultant  of  the  forces  acting  on  its 
boundary  surfaces  (and  the  weight  of  the  contained  water) 
must  be  zero.  These  forces  are  as  follows: 

•  On  the  upstream  face,  the  impulse  of  the  entering  water  is 

WV 

9 

and  on  the  downstream  face  the  reaction  of  the  leaving  water  is 

WVt 

9 

as  in  the  case  of  the  tank  just  considered;  in  addition  to  these 
forces,  however,  the  static  pressure  in  the  closed  channel  pro¬ 
duces  forces  pA  and  p1  Alf  in  which  p  and  pi  are  the  intensities 
of  pressure  on  the  two  faces.  The  resultant  of  these  four  forces 
(and  also  of  the  weight  of  the  water  contained  in  the  space) 
must  be  balanced  by  the  reaction  exerted  by  the  walls  of  the 
containing  vessel,,  including  friction  and  direct  pressure. 

In  the  case  of  the  Pitot  tube,  about  to  be  discussed,  a  small 
section  of  the  stream  in  the  form  of  a  cylinder  surrounding  the 
axis  of  the  Pitot  tube  will  be  treated  in  the  light  of  the  principles 
above  outlined.  In  this  case  it  should  be  kept  in  mind  that  the 
tube  is  supposed  to  be  placed  in  the  midst  of  g.  stream  of  in¬ 
definite  extent  in  all  directions,  moving  with  uniform  velocity, 
and  that  the  walls  of  the  pipe  surrounding  the  water  shown  in 
Fig.  2  and  the  tank  of  Fig.  1  are  now  replaced  by  the  Pitot 
tube,  which  is  the  only  stationary  part  which  can  receive  the  re¬ 
action  of  the  water.  There  is  no  other  fixed  piece  which  can 
create  either  frictional  or  dynamic  resistance  to  the  stream,  so 
that  the  tube  must  be  subjected  to  the  entire  reaction  correspond¬ 
ing  to  the  deflection  of  the  stream,  unreduced  by  any  frictional 
or  other  losses. 

THEORY  OF  THE  PITOT  TUBE 

The  sketch,  Fig.  3,  represents  a  flat  plate  placed  normally 
to  the  current  in  a  large  body  of  flowing  water.  The  general 
character  of  the  flow  is  indicated  by  the  curved  lines.  Consider 
the  water  contained  within  the  dotted  cylinder  shown.  Starting 
at  a  point  so  far  upstream  that  the  effect  of  the  plate  is  not 
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felt,  the  water  entering  the  cylinder  has  the  velocity  V,  which 
is  the  velocity  of  the  entire  stream  relatively  to  the  plate.  The 
water  exerts  against  the  water  contained  within  the  imaginary 
cylinder  the  impulse 

w  AV2 

9 

in  which  w  is  the  specific  weight  of  the  water  and  A  is  the 
transverse  area  of  the  cylinder.  In  an  old  theory  of  the  Pitot 
tube  it  was  assumed  that  this  force  was  entirely  balanced  by  the 
pressure  of  the  plate  exerted  against  the  right  hand  end  of  the 
cylinder,  so  that  the  intensity  of  this  pressure  would  be 


w  AV2 


which  corresponds  to  a  static  head  of 


w  g 

This  assumption,  however,  took  no  account  of  the  fact  that  the 
water  not  only  enters  the  cylinder,  but  also  has  to  get  out 
again,  which  it  does  by  discharging  at  varying  angles  of  obliquity 
along  the  sides  of  the  cylinder.  The  backward  reaction  of  the 
outgoing  water  will  of  course  greatly  reduce  the  intensity  of 
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the  pressure  which  must  be  exerted  by  the  plate  below  that  cor¬ 
responding  to  a  head  of 

V2 

9 

Without  assuming  “stream-line  flow”,  or  flow  without  fric¬ 
tional  resistance  or  energy  loss,  or  any  other  hypotheses  at 
variance  with  ordinary  conditions,  let  us  investigate  the  forces 
acting  in  the  above  described  imaginary  cylinder,  with  the  aid 
of  the  following  artifice : 

From  the  necessarily  diverging  character  of  flow  sketched 
above,  it  must  be  possible  to  subdivide  the  cylinder  into  an  in¬ 


definite  number  of  small  sections,  each  bounded  by  two  planes 
normal  to  the  axis  of  the  cylinder  and  a  surface  of  revolution 
enlarging  toward  the  downstream  side,  the  enlargement  in  area 
being  made  sufficient  to  permit  the  same  quantity  q  which  enters 
the  upstream  face  to  be  discharged  across  the  downstream  face. 
The  cylinder  is  thus  seen  to  be  made  up  of  an  indefinite  num¬ 
ber  of  such  sections  (Fig.  4),  which  when  increased  to  an  infi¬ 
nite  number,  will  form  a  smooth  cylinder. 

Consider  any  one  of  these  elementary  sections  (Fig.  5)  :  If 
the  upstream  face  of  every  elementary  section  has  the  same  area 
A,  the  weight  of  water  entering  one  of  these  elements  will  be 
W  =  ivAv,  v  being  the  velocity  at  the  upstream  face.  The  im¬ 
pulse,  acting  toward  the  right,  of  the  entering  water  will  then  be 

Wv 


9 
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and  the  reaction,  acting  toward  the  left,  of  the  water  leaving 
the  downstream  face  will  be 

Wv} 

9 

ij  being  the  velocity  at  the  downstream  face.  Since  no  water 
enters  or  leaves  the  lateral  bounding  surface,  W  will  be  the  same 
in  both  expressions  and  the  difference  of  these  forces  will  repre¬ 
sent  the  axial  thrust  exerted,  or 

d  ■  —  ~  (v  V\  )  = -  ( V  —  vx )  . 

9  9 

As  the  number  of  elements  is  indefinitely  increased  the  two 
faces  of  any  element  can  be  drawn  closer  and  closer  together. 


until  the  areas  of  the  two  faces  differ  by  a  differential  amount 
and  the  difference  of  the  two  velocities  v  —  vx,  becomes  equal 

to  —  dv,  (the  minus  sign  being  used  because  v  is  decreasing) 

Then 


dF  =  — 


wAv 

- dv 

9 


The  integration  of  the  last  expression  over  the  whole  length 
of  the  cylinder  will  give  us  the  total  force  which  must  be  bal¬ 
anced  by  pressure  at  the  surface  of  the  plate.  The  velocity, 
vhich  is  V  at  the  upstream  end  of  the  cylinder,  continually  di¬ 
minishes  as  more  and  more  water  is  discharged  through  the 
cylinder  walls,  until  at  the  plate  all  velocity  in  the  axial  di¬ 
rection  disappears.  The  limits  of  integration  are  therefore 

v  =  V  and  v  =  0;  and 


Since  A  is  constant 


0  wAv 

v  y 


dv 


u'A  V2 
9  2 


throughout  the  length  of  the 


cylinder. 
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The  intensity  of  pressure  on  the  plate  is  therefore 

F  wV-  1 


EXPERIMENTAL  VERIFICATION  OF  THEORY 

Under  conditions  of  very  smooth  flow,  free  from  eddies  and 
turbulence,  the  above  result  applies  directly  and  gives  very 
precise  results,  as  has  been  experimentally  proVen  many  times. 
See  “The  Pitot  Tube,  Its  Formula”,  by  W.  M.  White2,  and  “The 
Frictionless  Orifice”,  by  Judd  &  King3. 


Fig.  6. 

Some  tests  made  by  the  writer  at  the  Sage  Laboratory, 
Rensselaer  Polytechnic  Institute,  may  be  described  in  this  con¬ 
nection. 

A  tank  2  ft.  6  in.  diam.  by  4  ft.  0  in.  long,  into  which  water 
could  be  run  through  a  6-inch  pipe  at  one  end,  was  fitted  at  the 
other  end  with  a  tapering  head  and  nozzle,  which  reduced  the 
area  of  stream  gradually  until  a  2y2  in.  diam.  jet  was  dis¬ 
charged  into  the  air.  The  velocity-head  in  the  tank  was  negli¬ 
gibly  small.  A  pair  of  small  Pitot  tubes  made  of  fine  copper 
tubing  were  moved  across  two  perpendicular  diameters  of  the 
jet,  and  the  readings  compared  with  the  static  pressure  in  the 

1  A  method  similar  to  the  above  for  deducing  the  Pitot  tube  formula  was  sug¬ 
gested  by  Mr.  F.  H.  Rogers,  Asst.  Hyd.  Engr.,  I.  P.  Morris  Co. 

2  Jour.  Assn.  Engrg.  Soc.  1901,  v.  27,  p.  35. 

3  Engrg.  News,  1906,  v.  56,  p.  326. 
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tank.  Fig.  6  shows  the  result  of  theSe  traverses.  Up  to  within 
approximately  y4  in.  of  the  surface  of  the  jet,  the  Pitot  tube 
indicated  that  the  velocity  throughout  the  central  portion  of  the 
jet  was  exactly  equal  to  the  full  theoretic  velocity  corresponding 
to  the  head  producing  the  flow.  Except  for  the  effect  of  pipe 
— and  air — friction  in  reducing  the  velocities  near  the  peri¬ 
phery  of  the  jet,  the  nozzle  gave  a  perfect  conversion  of  pres¬ 
sure  head  into  velocity  head,  or  of  potential  into  kinetic  energy; 
and  the  tube  reconverted  velocity  head  into  static  pressure 
without  loss.  A  view  of  the  gage  board  during  this  experiment 
is  more  convincing  than  a  description,  as  it  shows  three  gage 
glasses,  connected  to  the  two  Pitot  tubes  and  to  the  static 
peizometer  of  the  tank,  with  the  water  columns  standing  at  ex¬ 
actly  the  same  elevation  in  each.  Results  such  as  this  can  be 
obtained  only  when  the  flow  is  free  from  turbulence,  as  is  in¬ 
dicated  in  this  experiment  by  the  smooth  transparent  appear¬ 
ance  of  the  jet. 

Further  verification  of  the  Pitot  tube  formula  will  be  found 
in  the  still-water  tank  tests  which  are  described  later. 

EFFECT  OF  TURBULENT  FLOW 

AVhen  a  stream  whose  current  is  to  be  measured  contains 
a  considerable  amount  of  turbulence,  as  is  usually  the  case  in 
engineering  practice  when  water  is  flowing  in  pipes  or  open 
channels  at  ordinary  velocities,  the  effects  of  such  turbulence 
on  the  readings  of  velocity-measuring  devices  must  be  consid¬ 
ered.  It  is  well  known  that  at  velocities  usually  employed  in 
engineering  work,  the  water  flowing  in  a  pipe  or  channel  does 
not  move  in  smooth  stream  lines,  nor  does  the  velocity  at  any 
given  point  remain  constant  either  in  direction  or  magnitude. 
A  flowing  mass  of  water  is  full  of  local  whirls  or  vortices,  and 
the  stream  at  any  point  is  subject  to  pulsations.  At  low  veloci¬ 
ties,  or  in  small  pipes,  it  is  known  that  smooth  stream-line 
flow  may  exist,  but  under  usual  conditions,  the  “critical 
velocity  is  greatly  exceeded,  and  the  mode  of  flow  just  de¬ 
scribed  is  encountered. 

In  addition  to  the  local  disturbances  of  a  transient  na¬ 
ture  above  described  there  will  also  be  in  many  channels  a  per¬ 
manent  state  of  distorted  flow,  due  to  irregularities  of  the  chan- 
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nel ;  and  this  may  give  rise  to  persistent  lateral  velocities  or 
oblique  currents  at  a  section  of  measurement. 

As  an  example  of  the  sort  of  flow  which  is  sometimes  met 
with,  Fig.  7  is  given,  showing  the  variation  in  velocity  across  a 


Fig.  7. 
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flume  supplying  a  turbine  in  a  mill.  The  flume  was  covered 
and  was  inaccessible  except  at  the  section  of  measurement.  A 
sluice  in  the  canal  above  this  point  gave  the  water  a  “set'’  to¬ 
ward  the  left  side;  and  at  some  degrees  of  opening  of  the 
sluice  gate  this  effect  was  so  extreme  that  backward  velocities 
occurred  at  the  right-hand  wall  of  the  flume,  as  shown  by 
traverses  Xo.  4  and  No.  5.  The  velocities  were  measured  with 
a  screw  type  of  current  meter.  A  meter  of  the  cup  type  would 
have  indicated  positive  velocities  at  all  points,  and  would  have 
given  entirely  misleading  results. 

Disturbed  or  irregular  conditions  of  flow  of  the  kinds 
described,  affect  the  readings  of  both  Pitot  tubes  and  current 
meters.  The  effect  on  current  meters  has  already  been  investi¬ 
gated  by  Mr.  Groat,  as  explained  in  the  paper  referred  to  above : 
and  tests  to  be  described  below  have  been  made  on  both  cur¬ 
rent  meters  and  Pitot  tubes. 

The  influence  of  turbulence  on  the  readings  of  the  Pitot 
tube  can  be  separated  into  two  effects :  First,  the  variation  of 
velocity  from  instant  to  instant  causes  a  variation  of  the  pres¬ 
sure  on  the  tube,  accompanied  by  an  oscillation  of  the  water 
column  filling  the  tube  and  its  connections;  and  although  the 
variation  of  the  water  level  in  the  glass  of  the  gauge  can  be 
reduced  by  throttling  the  connecting  tube,  and  by  using  a 
gauge  glass  larger  than  the  orifice  of  the  Pitot  tube,  neverthe¬ 
less  the  tube  will  not  give  the  exact  head  corresponding  to  the 
average  velocity  over  an  interval  of  time.  The  best  the  tube 
can  do  is  to  indicate  the  mean  head,  which  corresponds  to  the 
mean  square  of  the  velocity;  and  this  must  theoretically  always 
be  in  excess  of  the  head  corresponding  to  the  mean  velocity. 

The  second  effect  is  the  variation  in  the  direction  of  the 
velocity  due  to  eddies  and  lateral  pulsations  perpendicular  to  the 
flow.  The  lesult  of  this  is  to  make  the  water  impinge  on  the 

point  of  the  Pitot  tube  at  various  angles  instead  of  perpendi¬ 
cularly. 

The  two  effects  were  investigated  by  the  following  methods : 
First,  the  Pitot  tube  (or  current  meter)  w^as  mounted  on  a  car 
traveling  on  a  track  above  a  rating  tank  in  which  the  water 
was  still,  the  car  being  moved  uniformly  and  the  tube  placed  in 
line  with  the  direction  of  motion.  An  oscillating  motion  was 
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then  given  the  tube,  the  oscillations  being  parallel  to  the  di¬ 
rection  of  motion  of  the  car.  The  tube  (or  meter)  was  then 
turned  at  various  angles  to  the  motion  and  moved  with  uniform 
velocity,  without  oscillation.  The  first  method  varied  the  value 
of  the  pressure  acting  on  the  tube  without  changing  the  di¬ 
rection  of  the  velocity  relatively  to  the  tube,  and  therefore  indi¬ 
cated  the  error  caused  by  variation  of  the  pressure  from  the 
mean.  The  second  method  showed  the  effect  of  oblique  impact 
on  the  tube. 


Two  additional  methods  were  applied.  These  combined 
both  of  the  above  described  effects,  in  an  attempt  to  simulate 
conditions  encountered  in  the  natural  flow  in  pipes  and  chan¬ 
nels.  One  series  of  tests  consisted  in  moving  the  tube  in  the 
direction  of  its  own  axis  with  uniform  velocity,  and  giving 
it  at  the  same  time  transverse  oscillations  perpendicular  to  the 
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first  motion.  These  tests  gave  the  combined  effects  of  varia¬ 
tion  of  pressure  and  of  direction  of  flow.  The  remaining  method 
consisted  in  moving  t he  instrument  uniformly  in  its  proper  di¬ 
rection  through  water  artificially  disturbed. 

The  latter  test  was  applied  to  the  current  meter,  the  water 
being  disturbed  in  advance  of  the  car  by  the  somewhat  crude 
expedient  of  stirring  it  up  with  a  broom.  Without  giving  the 
details  of  this  experiment,  it  may  be  said  that  it  served  to  cor¬ 
roborate  the  results  obtained  by  Mr.  Groat  on  similar  types  of 
current  meters.  This  method  was  not  applied  to  the  Pitot  tube. 

In  order  to  study  more  carefully  the  effect  of  oblique  flow 
or  lateral  components  of  velocity  at  a  section  of  a  channel  used 
for  discharge  measurements,  the  following  theoretic  considera¬ 
tions  are  given : 

In  Fig.  8,  AB  represents  a  section  normal  to  a  stream  at 
which  velocity  measurements  are  to  be  made  in  order  to  deter¬ 
mine  the  discharge.  If  the  velocities  at  each  point  of  measure¬ 
ment  are  normal  to  the  section  the  discharge  is  simply 

Q  =  2  v  X  A  A, 

in  which  A  A  is  the  area  of  an  element  of  the  section.  If,  how¬ 
ever,  at  any  point  the  velocity  at  the  instant  of  measurement  is 
inclined  to  the  normal  at  the  angle  a,  then  the  elementary  area 
should  be  multiplied  by  v  cos  a ,  the  component  of  the  velocity 
normal  to  the  plane  of  the  section,  and 

Q  =  S  V  COS  a  X  A  A. 

if  a  Pitot  tube  or  current  meter  could  be  made  to  read  the 
component  of  velocity  parallel  to  its  axis,  very  little  error  would 
result  from  turbulence  in  a  stream.  It  can  be  shown,  how¬ 
ever,  that  for  small  or  moderate  angles  of  inclination,  the  tube 
reads  too  high. 

Consider,  for  instance,  a  flat-faced  tube  similar  to  that 
shown  in  Fig.  9.  The  pressure  corresponding  to  the  velocity  V 
would  b6  equivalent  to  a  head  of 


this  pressure  is  exerted  obliquely  on  the  tube,  and  only  its  com¬ 
ponent  h  cos  a  is  applied  normally  to  the  face  of  the  tube.  The 
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perpendicular  velocity  which  would  give  the  same  pressure 
would  be 

J  e  =  \/  %  X  h  COS  a  =  V  V  COS  a 

whicli  is  the  equivalent  normal  velocity,  and  is  the  velocity  which 
would  be  obtained  from  the  head  recorded  by  the  tube.  There- 
foie,  instead  oi  indicating  a  velocity  of  1  cos  a,  the  tube  gives  us 
V  \/  cos  a,  which  is  always  too  high. 

In  order  to  test  any  Pitot  tube,  or  current  meter,  in  re¬ 
gard  to  the  errors  caused  by  turbulence,  the  writer  uses  the 
following  method  of  working  up  the  results:  A  curve  is  plotted 
between  angles  of  inclination  as  abscissas  and  the  ratio  of  in¬ 
dicated  velocities  to  actual  velocities  as  ordinates.  A  curve  hav¬ 
ing  ordinates  equal  to  the  cosine  of  the  angle  is  also  plotted; 
and  the  discrepancy  between  the  two  curves  is  taken  as  a  meas¬ 
ure  of  the  error  which  will  be  caused  by  different  degrees  of 
turbulence.  A  curve  giving  the  ratio  of  the  ordinates  of  the 
two  curves  indicates  the  correction  coefficient  which  should  be 
applied. 

STILL- WATER  TESTS  OF  PITOT  TUBES 

The  methods  of  investigation  outlined  above  were  applied 
in  a  series  of  experiments  made  in  the  fall  of  1910  for  the 
I.  P.  Morris  Company  of  Philadelphia.  The  tests  were  con¬ 
ducted  under  the  writer's  direction  by  Mr.  Frank  TI.  Rogers, 
now  Asst.  Hydraulic  Engineer  of  that  company,  and  have  been 
previously  described  in  a  thesis  for  professional  degree  submitted 
by  Mr.  Rogers  to  the  University  of  Pennsylvania,  The  work 
was  carried  out  in  a  most  careful  manner  and  the  results  are 
believed  to  be  reliable. 

DESCRIPTION  OF  APPARATUS  AND  METHODS  OF  TESTING 

1  lie  rating  flume  and  accessories  are  a  pait  of  the  hydraulic 
equipment  of  the  Russell  Sage  Laboratories,  Rensselaer  Poly¬ 
technic  Institute,  and  were  installed  through  the  liberality  of 
the  firm  of  A  .  L.  E.  Gurley,  Troy,  N.  Y.  The  flume  and  equip¬ 
ment  were  designed  under  the  direction  of  Prof.  A.  M.  Greene, 
Jr. 

1  he  installation  was  intended  ^primarily  for  the  rating  of 
current  meters,  but  can  be  used  for  other  lines  of  hydraulic 


Fig.  10. 
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research.  The  flume  consists  of  a  wooden  tank  90  ft.  0  in.  long 

by  3  ft.  8  in.  wide  by  4  ft.  0  in.  deep  (inside  dimensions),  a 
drawing  of  which  is  shown  in  Pig.  10. 

The  side  walls  of  the  tank  are  capped  with  tracks,  placed 
truly  level,  on  which  runs  a  car  or  carriage  which  may  be  pushed 
by  hand.  This  is  shown  in  Fig.  11.  A  walk  or  runway  is  pro¬ 
vided  alongside  the  tank,  at  a  convenient  height  for  the  pusher. 


At  present  the  ear  is  equipped  with  a  tachometer  attached 

to  the  front  axle,  by  means  of  which  the  pusher  can  maintain 

constant  speed;  but  during  the  tests  described,  the  speed  was 

regulated  by  observation  of  a  “standard”  Pitot  tube  mounted 
on  the  car. 

In  these  tests,  the  following  apparatus  was  added  to  the 


298  PROCEEDINGS  ENGINEERS ,  SOCIETY  WESTERN  PENNA. 

car:  a  gauge  board,  a  small  portable  water  tank  attached  to  the 
car,  a  support  for  the  standard  Pitot  tube,  and  a  second  sup¬ 
port  for  the  tube  being  tested.  Two  kinds  of  support  were  used 
for  this  tube :  First,  a  device  by  which  the  tube  could  be  turn¬ 
ed  at  different  angles,  the  angle  being  indicated  on  a  scale; 
and  second,  a  device  for  moving  the  tube  with  a  reciprocating 
motion,  consisting  of  a  sliding  support  actuated  by  a  heavy  fly¬ 
wheel  and  connecting-rod.  The  flywheel  could  be  turned  by 
hand.  Figs.  12  and  13  show  the  car  arranged  for  testing  a  tube 
at  various  angles;  Fig.  13  giving  a  good  idea  of  the  flume;  and 
Figs.  14  &  15  show  the  arrangement  for  the  oscillation  tests. 


Fig.  13. 


The  flume  is  regularly  equipped  with  a  chronograph,  shown 
in  Fig.  16,  which  contains  a  drum  carrying  a  chart,  the  drum 
being  driven  uniformly  by  clockwork,  and  three  recording  pens. 
These  pens  are  actuated  by  magnet  coils  electrically  connected 
respectively  to  :  (1 )  a  set  of  contact  plugs  spaced  at  known  inter¬ 
vals  along  the  tank  so  that  the  motion  of  the  car  is  recorded; 
( 2 )  the  current  meter  under  test,  giving  the  number  of  revolu¬ 
tions  of  the  meter;  and  ( 3 )  a  standard  clock  ticking  (in  these 
tescs)  half-seconds.  In  this  series  of  tests,  the  second  pen,  intend¬ 
ed  for  current  meters,  was  disconnected.  Typical  chronograph 
records,  obtained  on  two  current  meter  ratings,  are  shown  in 
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tig.  17.  1  he  upper  line  of  each  set  of  three  shows  ticks  <5f  the 

clock;  the  middle  line,  marks  corresponding  to  eight-foot  spaces 
traveled  by  the  car  and  the  lower  line,  revolutions  of  the  meter 
The  electrical  connections  to  the  car  are  made  through  two  trol¬ 
ley  wires,  which  can  be  seen  in  Fig.  13. 


Fig.  14. 

In  addition  to  determining  the  absolute  value  of  the  speed 
o  the  car  by  means  of  the  chronograph,  a  Pitot  tube  held  sta- 
lonary  with  respect  to  the  car,  and  with  its  axis  in  the  line  of 
motion,  was  used  as  a  standard,  as  already  mentioned.  The 
readings  of  the  various  tubes  under  test  were  then  taken  simul¬ 
taneously  with  the  standard  tube,  so  that  accurate  comparative 
results  could  be  obtained. 

In  order  to  bring  the  gauge  columns  to  a  convenient  height 
for  reading,  the  gauge  tubes  were  connected  to  a  common  header 
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at  the  top  of  the  board,  and  this  communicated  with  a  large 
pipe  used  as  a  vacuum  tank.  The  air  was  exhausted  in  this  tank 
until  a  sufficiently  low  pressure  was  obtained  to  draw  the  water 
columns  to  the  middle  of  the  board,  the  static  pressure  being 
recorded  by  a  static  tube  connecting  to  the  small  water  tank  car¬ 
ried  by  the  car.  The  mean  elevation  of  the  water  surface  in 


Fig.  15. 


the  small  tank  above  that  in  the  flume  was  accurately  determin¬ 
ed  by  placing  the  car  at  different  positions  along  the  tank  and 
reading  the  gauge  board  with  the  car  at  rest. 

The  only  point  at  which  the  apparatus  did  not  prove  to  be 
entirely  satisfactory  was  in  the  length  of  the  flume.  The  length 
is  found  to  be  sufficient  for  current  meter  rating ;  but  with  Pitot 
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tubes  it  was  necessary  to  obtain  the  average  of  a  number  of 
readings  of  the  fluctuating  water  columns.  In  order  to  over¬ 
come  difficulties  due  to  the  limited  length  of  run.  a  brake  was 
fitted  to  the  car  so  that  it  could  be  run  at  full  speed  nearly  to 
the  end  of  the  flume  and  quickly  stopped;  and  a  number  of 
observers  and  recorders  were  used  on  the  car  to  enable  readings 
to  be  taken  rapidly.  In  some  of  the  tests  as  many  as  five 
men  were  placed  on  the  car,  a  sixth  man  being  required  as 
Pusher.  Fig.  lb  shovs  the  arrangement  of  the  experimenters 
on  the  car.  After  some  practice  a  considerable  amount  of  skill 
was  developed  in  bringing  the  gauge  columns  quickly  to  their 


Fig.  16. 


proper  reading  and  then  keeping  the  velocity  of  the  car  uniform 
to  avoid  vibrations  of  the  water  columns.  These  measures  per¬ 
mitted  satisfactory  results  to  be  obtained  from  all  experiments  in 
which  the  Pitot  tubes  were  held  stationary  relatively  to  the  car ; 
but  in  the  tests  made  with  oscillating  tubes,  many  of  the  runs 
were  unreliable  on  account  of  lack  of  time  for  the  gauge  columns 
to  rise  to  their  proper  elevations,  and  insufficient  time  to  obtain 

enough  readings  of  the  fluctuating  pressures  to  give  a  reliable 
average. 

RESULTS  OF  TESTS 

As  explained  above,  the  exact  speed  of  the  car  for  any  one 
run  could  be  more  accurately  obtained  from  a  standard  Pitot 
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tube  than  from  the  actual  distance  and  time  of  car  movement. 
The  comparison  of  a  tube  under  test  with  the  standard  tube 
could  thus  be  made  with  the  two  tubes  subjected  to  exactly  the 
same  conditions.  During  these  comparative  tests  however,  the 
speed  of  the  car  as  recorded  by  chronograph  was  also  taken 
for  each  run,  and  the  data  thus  collected  furnished  an  excellent 
still-water  rating  of  the  standard  tube.  The  runs  from  which 
the  rating  was  made  were  thus  the  same  runs  as  those  used 
for  the  comparative  tests,  so  that  the  numbers  of  runs  appear 
twice  in  the  following  tables.  Runs  1  to  37  were  preliminary 
and  were  not  used. 
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Table  No.  1,  gives  the  data  on  which  this  rating  was  based, 
and  is  self-explanatory.  The  average  value  of  the  tube  co¬ 
efficient  k  in  the  formula :  true  velocity  =  k  V  2gH ,  or  the 
ratio  of  the  velocity  of  the  car  to  the  velocity  indicated  by  the 
tube,  was  0.9983.  This  value  differed  from  unity  by  an  amount 
less  than  the  probable  error  computed  from  the  readings  them¬ 
selves.  It  is  also  believed  by  the  writer  that  there  may  have 
been  a  slight  error  in  the  measurement  of  the  scale  divisions  on 
the  gage  board;  since  at  a  date  subsequent  to  the  test  a  re¬ 
checking  of  the  gage  scale  showed  a  shrinkage  of  -fa  in.  in  4  ft. 
which  would  raise  the  coefficient  to  approximately  0.9990. 
The  latter  correction  is  immaterial,  however,  since  there  were  # 
practically  as  many  values  of  the  coefficient  above  unity  as  be¬ 
low  ;  and  as  far  as  the  evidence  of  the  test  goes,  the  value  of 
the  coefficient  was  as  likely  to  have  been  unity  as  not.  The 
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velocities  ranged  between  4.74  and  7.813  feet  per  second;  and 
no  systematic  variation  ol  the  constant  of  the  tube  was  shown. 

For  the  remainder  of  the  tests,  the  coefficient  of  the  standard 
tube  was  taken  as  unitv. 


Fig.  18. 

The  standard  tube  will  be  referred  to  as  tube  “A”.  In  ad¬ 
dition  to  A”,  five  other  Pitot  tubes  of  various  forms  were 
tested.  These  are  shown  in  Fig.  19,  arranged  alphabetically 
starting  from  the  left.  Tube  “A”  has  a  moderately  blunt  end, 
faced  off  in  a  flat  face.  Tube  “B”  is  similar  to  “A”  but  slightly 
larger  in  diameter.  Tube  “C”  is  a  long  tapering  tube  ending  in 
a  sharp  edge.  Tube  “D”  is  funnel-shaped,  “E”  is  similar  to 


304  PROCEEDINGS  ENGINEERS *  SOCIETY  WESTERN  PENNA 


“A”  and  “B”  but  larger  in  diameter  of  face;  and  “F”  is  a 
broad  flat-faced  tube  forming  practically  a  flat  plate  held  normal 
to  the  stream.  The  dimensions  of  the  tubes  are  given  in  Figs. 
21  to  25,  and  also  in  Fig.  20. 


TABLE  NO.  1. 

CALIBRATION  OF  STANDARD  PITOT  TUBE  “A”  BY  COMPARISON  WITH 

VELOCITY  OF  CAR. 


Test 

Date 

Veloc.  by 

Pitot  Tube 

Ft.  per  Sec. 

Distance 

O  Traversed 
by  Car  in  Ft. 

Time  in 

1-4  Seconds  by 
Chronograph 

Time 

►t)  Correction 
Factor 

rT  . 

3  X 
0 

Mu  11 

>0  > 

UJ 

r* 

5  «  1 

u£>i> 

II 

38 

9/24/10 

3.153 

40 

11.10 

1.00662 

3.577 

1.134 

39 

2.90 

64 

19.00 

it 

3.341 

1.152 

40 

3.283 

56 

15.40 

it 

3.610 

1.103 

41 

3.718 

56 

14.00 

it 

3.971 

1.066 

42 

4.440 

48 

10.70 

it 

4.452 

1.0025 

43 

4.36 

56 

12.50 

it 

4.397 

1.0100 

44 

4.33 

64 

14.35 

it 

4.426 

1.0215 

45 

4.624 

56 

12.00 

a 

4.627 

1.0010 

46 

4.680 

56 

11.80 

a 

4.705 

1.0050 

47 

4.828 

56 

11.25 

a 

4.892 

1.0140 

48 

5.685 

56 

9.90 

tt 

5.620 

0.9900 

49 

5.995 

56 

9.30 

a 

5.978 

0.9978 

50 

6.140 

48 

7.80 

tt 

6.118 

0.9960 

51 

6.120 

40 

6.50 

a 

6.118 

0.9990 

52 

6.310 

40 

6.35 

it 

6.258 

0.9920 

53 

5.437 

Chron. 

did  not  Register  Time. 

54 

5.366 

40 

7.55 

1.00464 

5.278 

0.9836 

55 

6.135 

40 

6.65 

tt 

5.992 

0.9767 

56 

6.174 

32 

5.20 

it 

6.132 

0.9932 

57 

6.590 

40 

6.05 

ti 

6.563 

0.9959 

58 

7.086 

40 

5.70 

tt 

6.986 

0.9859 

59 

6.961 

48 

6.90 

tt 

6.932 

0.9958 

60 

6.716 

32 

4.70 

tt 

6.77 

1.0080 

61 

6.720 

40 

5.80 

it 

6.86 

1.0208 

62 

6.795 

40 

5.00 

it 

6.808 

1.0019 

63 

6.932 

40 

5.80 

ti 

6.86 

0.9896 

64 

6.920 

40 

5.75 

ti 

6.92 

1.0000 

65 

6.738 

40 

5.90 

it 

6.75 

1.0018 

66 

6.852 

40 

5.70 

it 

6.968 

1.0169 

67 

7.086 

48 

6.80 

tt 

7.039 

0.9934 

68 

7.641 

40 

5.15 

if 

7.73 

1.0117 

69 

7.815 

24 

3.10 

it 

7.715 

0.9872 

70 

6.741 

40 

5.90 

tt 

6.75 

1.0013 

71 

7.865 

40 

5.10 

tt 

7.813 

0.9934 

72 

6.718 

48 

7.20 

ti 

6.640 

0.9884 

73 

6.542 

40 

6.00 

ii 

6.64 

1.0150 

74 

6.795 

40 

5.87 

ti 

6.780 

0.9978 

75 

ti 

7.131 

32 

4.50 

it 

7.08 

0.9929 

76 

it 

7.395 

40 

5.40 

a 

7.374 

0.9972 

77 

it 

6.840 

32 

4.70 

a 

6.784 

0.9918 

78 

it 

6.561  Chron. 

did  not 

Register 

Time. 

79 

6.893 

40 

5.75 

ti 

6.923 

1.0043 

80 

it 

6.583 

40 

6.00 

ti 

6.640 

1.0087 

81 

it 

6.703 

40 

5.90 

it 

6.745 

1.0063 

82 

it 

6.384 

40 

6.30 

it 

6.32 

0.9900 

83 

a 

6.435 

48 

7.55 

tt 

6.332 

0.9840 

84 

a 

6.272 

40 

6.25 

ti 

63.71 

1.0158 

85 

a 

6.660 

32 

4.85 

ii 

6.566 

0.9859 

86 

a 

6.180 

32 

5.20 

it 

6.127 

0.9914 

87 

a 

6.720 

40 

5.95 

ii 

6.696 

0.9964 

88 

a 

6.980 

40 

5.70 

ii 

6.988 

1.0015 

89 

a 

6.100  Chron. 

did  not 

Register 

Time. 

REMARKS 


In  Tests  38-41  Inc.  All 
Gauges  Read  by  One 
Observer  so  Results  Not 
Accurate 

Therefore  Omit  These 
Tests  in  Average 

In  Remaining  Tests 

All  Gauges  Were  Read 

Simultaneously 

For  Tests  38-52 
Chronograph  Clock 
Was  2/5  Sec.  Slow  Per 
Min.  Correct  Time 
=  T  X  1.00662 

After  Test  52,  Pendulum 
of  Clock  was  Shortened, 
then  Calibration  Showed 
Clock  was  1  2/5  sec’s 

Slow  for  5  Minutes 
then  Correct  Time  =r 
T  X  1.00464 

This  Time  Factor  the 
Same  for  all  Remaining 
Tests 

For  Tests  38-110. 

Depth  of  Tube  Point  Be¬ 
low  Surface  20" 
Distance  of  Tube  from 
Side  of  Tank  =  8^5" 
Depth  of  Water  in  Tank 
=  40" 
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TABLE  NO.  1 — Continued 


Test 


JC 

V  o 

f  y  . 

>>  — 

X  C3 

s 

h* 

Date 

Veloc.  b 
Pitot  Tu 
Ft.  per  S 

v  c 
o  £  — 

c  fc  *: 

ts 

C  c«  60 
—  •CO 

sj  § 

c  u  H 

o 

u  u 

at  2 

3  u  u 

Q 

o 

X 

*.  1 

•  —  *>. 

•-  sjj: 
H'/.U 

•  3  o  re 
HU  fa 

°u  " 

.«  «  o 

V 

D 

T 

F 

>U  > 

3  O 

H  O 


II 

K 


REMARKS 


90 

9/24/10 

6.210 

48 

7.73  1.00464 

6.186 

0.9961 

For  Tests  198-275 

.  91 

ii 

6.395 

40 

6.25 

ii 

6.372 

0.9964 

Depth  of  Tube  Point  Be¬ 

92 

a 

6.490 

32 

4.85 

ii 

6.565 

1.0115 

low  Surface  =  20J4W 

93 

ti 

6.560 

40 

6.17 

ii 

6.46 

0.9848 

Depth  of  Water  in  Tank 

94 

ii 

6J)90 

40 

6.52 

ii 

6.107 

1.0028 

=  41'A" 

95 

a 

6.195 

32 

5.20 

ii 

6.126 

0.9889 

96 

i  4 

6.320 

32 

5.00 

ii 

6.375 

1.0087 

97 

ii 

6.320 

48 

7.60 

ti 

6.290 

0.9953 

98 

ii 

6.140 

40 

6.45 

a 

6.172 

1.0052 

99 

ii 

5.820 

40 

6.80 

ii 

5.856 

1.0062 

100 

a 

5.730 

48 

8.25 

it 

5.793 

1.0110 

101 

a 

5.920 

40 

6.75 

a 

5.900 

0.9966 

102 

a 

6.010 

40 

6.70 

ii 

5.942 

0.9887 

103 

a 

5.682 

40 

6.95 

it 

• 

5.724 

1.0074 

104 

a 

5.915 

4Q 

6.80 

ii 

5.860 

0.9907 

105 

a 

5.920 

32 

5.45 

ii 

5.842 

0.9868 

106 

a 

5.850 

40 

6.85 

a 

5.808 

0.9928 

107 

a 

6.460 

32 

4.95 

a 

6.440 

0.9969 

108 

a 

6.042 

40 

6.62 

ii 

6.017 

0.9959 

109 

a 

5.638 

40 

7.10 

a 

5.610 

0.9950 

110 

a 

5.880 

32 

5.37 

it 

5.927 

1.0080 

198 

a 

6.145 

40 

6.50 

it 

6.120 

0.9959 

199 

a 

5.980 

40 

6.60 

a 

6.028 

1.0080 

200 

a 

6.114 

40 

6.55 

a 

6.080 

0.9944 

201 

a 

6.050 

32 

5.25 

a 

6.061 

1.0018 

202 

9/27/10 

6.305 

40 

6.32 

ii 

6.300 

0.9992 

203 

ii 

6.680 

40 

6.00 

a 

6.638 

0.9937 

204 

ii 

Chronograph  Clock  Irregular. 

205 

ii 

Clock  Missed  Registering. 

• 

206 

a 

6.415 

40 

6.20 

a 

6.420 

1.0008 

207 

a 

Seconds  Irregular. 

208 

a 

6.490 

40 

6.15 

ti 

6.478 

0.9982 

209 

a 

6.530 

40 

6.13 

it 

6.496 

0.9948 

210 

a 

Car 

Failed 

to  Register. 

211 

a 

6.645 

32 

4.85 

H 

6.574 

0.9893 

212 

a 

6.438 

40 

6.15 

ii 

6.470 

1.0050 

243 

a 

Car 

Speed 

Irregular. 

244 

a 

6.420 

40 

6.20 

a 

6.420 

1.0000 

245 

a 

6.418 

40 

6.25 

a 

6.374 

0.9932 

246 

a 

6.460 

40 

6.13 

a 

6.492 

1.0050 

247 

a 

6.620 

32 

4.85 

a 

6.562 

0.9912 

248 

a 

6.348 

40 

'  6.33 

a 

6.286 

0.9902 

249 

a 

6.440 

40 

6.25 

a 

6.366 

0.9885 

250 

a 

6.495 

40 

6.15 

a 

6.476 

0.9971 

251 

a 

6.835 

40 

5.90 

a 

6.742 

0.9864 

252 

a 

6.735 

32 

4.73 

a 

6.735 

1.0000 

253 

a 

6.795 

40 

5.85 

a 

6.800 

1.0007 

254 

a 

6.330 

32 

5.05 

a 

6.306 

0.9962 

Test 

255-259 

Chronograph 

• 

Not  : 

Indicating  Properly. 

260 

a 

6.150 

40 

6.40 

a 

6.220 

1.0114 

261 

Car  Speed  Irregular. 

262 

a 

6.458 

40 

6.20 

ti 

6.421 

0.9943 

263 

a 

6.440 

40 

6.25 

a 

6.375 

0.9899 

264 

a 

6.240 

40 

6.40 

a 

6.222 

0.9971 

265 

a 

6.355 

40 

6.30 

a 

6.320 

0.9945 

266 

a 

6.282 

40 

6.33 

a 

6.291 

1.0014 

267 

Chronograph 

Failed  to 

Indicate. 

268 

tt 

6.265 

40 

6.37 

a 

6.252 

0.9979 

272 

a 

5.005 

40 

8.00 

a 

4.979 

0.9948 

273 

a 

4.977 

40 

8.00 

a 

4.979 

1.0004 

274 

a 

4.902 

40 

8.05 

a 

4.947 

1.0092 

275 

a 

4.780 

40 

8.40 

a 

4.741 

0.9918 

AVERAGE  VALUE  OF  TUBE  COEFFICIENT  FOR  99  TESTS  K  =  .9983 
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.Table  I'vo.  2  gh es  the  tests  of  tube  ** inclined.  at  various 
angles,  compared  with  tube  “A”  held  straight.  In  this  table  V 
indicates  the  true  velocity  as  given  by  the  standard  tube  in  feet 
per  second,  Vt  the  velocity 'indicated  by  tube  “B”  in  feet  per 
second — that  is 

Vi  =  V  2g  X  (head  indicated  by  B) 

VH  is  the  velocity  indicated  by  “B”  referred  to  V  as  unity,  or 


T  r  is  the  resolved  velocity,  or  the  velocity  which  the  tube 
should  indicate  to  record  the  true  discharge  of  a  stream,  again 
referred  to  V  as  unity,  or 

T_  V  cos  0 

Vr  =  - y —  =  cos  0 

Finally  the  ratio 


is  the  correction  factor,  or  tube  coefficient,  which  must  be  ap¬ 
plied  to  the  reading  to  obtain  the  true  value  of  the  resolved 
velocity. 


Fig.  19. 

If  by  any  means  we  can  determine  the  average  amount  of 
obliquity  of  flow  in  a  stream,  the  value  of  corresponding  to 
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this  angle  would  be  the  proper  coefficient  to  apply  to  the  veloci¬ 
ties  indicated  by  the  tube  in  order  to  obtain  the  true  discharge. 
This  average  obliquity  of  flow  would  be  a  function  of  the  amount 
of  turbulence  in  the  stream,  and  a  value  might  be  obtained  by 
noting  the  divergence  in  the  indications  of  two  tubes  of  different 
characteristics,  or,  in  an  open  stream  by  using  a  current  meter 
in  addition  to  a  Pitot  tube. 


Tables  Xos.  3,  4,  5,  and  6  give  the  same  data  for  tubes  “C”, 

•  «E„  and  <<F,, 

The  results  tabulated  above  are  shown  graphicallv  in  Figs. 
21  to  25. 

Referring  to  Fig.  21,  which  shows  the  results  of  the  tests 
of  tube  “B”,  the  values  of  rB,  the  ratio  of  the  velocity  re¬ 
corded  by  the  tube  to  the  true  velocity,  are  plotted  against  the 
angles  of  inclination  of  the  tube  in  the  curve  marked  TV  The 
velocities  which  the  tube  ought  to  record  if  it  is  to  register  the 
true  discharge  of  a  stream,  are  plotted  in  the  curve  marked 
Fr  =  cos  0.  This  curve  is  of  course  a  sinusoid.  The  ratios 
of  the  ordinates  of  the  cosine  curve  to  those  of  the  J'B 


curve  are 
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the  correction  factors  or  tube  coefficients  to  be  used  with  this 
type  of  Pitot  tube,  and  these  are  shown  for  various  angles  in 
the  curve  marked  <j>. 


PITOT  TUBE 


Test 


69 

70 

71 

72 
66 

67 

68 
62 

63 

64 

65 

53 

54 

55 

56 

57 

58 

59 

60 
61 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 


TABLE  NO.  2. 

“B”  AT  VARIOUS  ANGLES  COMPARED 
TO  STANDARD  TUBE  “A” 


Date— 9/24/10 


't?  ffl  ° 
otr0 

5  3  u 
0 


V 


u 
<u 
(Tj 

u 

.  .  o 

O  CO 


V 


A?  c/2 

"  U 
CJ  ^ 

«  3  *: 

V, 


aa 

> 


<u 

bo 

Ih 

<u 

> 

< 


v, 


'v  g  ^ 

T3 

<L» 

I  I' 

S  Si 

cS  > 


c 

01 

Bt !  sa 

§  >  > 

«  II 


REMARKS 


0° 

7.815 

7.808 

0.9991 

0° 

6.741 

6.740 

0.9999 

0.9998 

1.0000 

1.0002 

0° 

7.865 

7.855 

0.9987 

0° 

6.718 

6.725 

1.0015 

5° 

6.852 

6.821 

0.9955 

5° 

7.086 

7.107 

1.0028 

0.9979 

0.9962 

0.9983 

5° 

7.641 

7.606 

0.9954 

10° 

6.795 

6.775 

0.9971 

0.9953 

0.9848 

0.9894 

10° 

6.932 

6.876 

0.9919 

• 

10° 

6.920 

6.866 

0.9922 

10° 

6.738 

6.738 

1.0000 

15° 

5.437 

5.392 

0.9917 

15° 

5.366 

5.344 

0.9959 

15° 

6.135 

6.090 

0.9927 

0.9906 

0.9659 

0.9751 

15° 

6.174 

6.119 

0.9911 

15° 

6.590 

6.514 

0.9885 

15° 

7.086 

7.000 

0.9879 

. 

15° 

6.961 

6.876 

0.9878 

15° 

6.716 

6.645 

0.9894 

15° 

6.720 

6.655 

0.9903 

20° 

6.542 

6.350 

0.9708 

20° 

6.795 

6.600 

0.9713 

0.9694 

0.9397 

0.9694 

20° 

7.131 

6.917 

0.9700 

20° 

7.395 

7.140 

0.9655 

25° 

6.840 

5.960 

0.8708 

25° 

6.561 

6.165 

0.9397 

25° 

6.893 

6.462 

0.9374 

0.9376 

0.9063 

0.9666 

25° 

6.583 

6.160 

0.9358 

30° 

6.703 

6.102 

0.9105 

30° 

6.384 

5.820 

0.9117 

0.9113 

0.8660 

0.9503 

30° 

6.435 

‘  5.860 

0.9107 

30° 

6.272 

5.682 

0.9123 

Inside  Width  of  Tank  = 
3'  —  8'/2" 

Depth  of  Water  in  Tank 
=  40" 


Depth  of  Tube  Points  Be¬ 
low  Surface  =  20" 

Dist.  of  Std.  Tube  from 
one  side  Tank  =  8 Ji” 


Dist.  Tube  “B” 
other  side  Tank  = 


from 

17J4" 


Distance  between  Tubes 

=  18?4" 

The  Gauges  Connected  to 
Tube  “A”,  Tube  “B”,  and 
the  Pressure  Box,  were 
Read  Simultaneously  by 
Three  Observers.  A 1  1 
Angles  Under  Q  are 
Measured  to  the  Right 
from  the  Line  of  the 
Direction  of  Motion. 


On  theoretical  grounds  it  was  believed  that  the  flat-faced 
tubes  would  record  the  velocities  corresponding  to  resolved 
pressures  instead  of  resolved  velocities,  as  already  explained 
and  to  test  this  theory  the  curve  marked  rT  =  y  cos  6  has 
been  plotted.  It  will  be  noted  that  this  tube  gives  exact  agree¬ 
ment  between  the  VT  and  PB  values  up  to  an  inclination  of 
20  deg.,  and  that  the  value  of  <£  varies  from  unity  at  0  deg. 
inclination  to  0.95  at  30  deg.  As  angles  of  obliquity  as  great  as 
this  are  not  looked  for  in  any  ordinary  stream,  the  inclination 
was  not  usually  carried  beyond  30  deg.  in  these  tests. 
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PITOT  TUBE 


Test 


85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 


Angle  of 
®  Tube  “C” 
From  0° 

Veloc.  by 
Stand.  Tube 
^  at  0° 

Ft.  Per  Sec. 

~  cj 

CO 

o  v$ 

JD  P-l 

^  r*"' 

v, 

0° 

6.660 

6.632 

0° 

6.180 

6.133 

0° 

6.720 

6.685 

5° 

6.980 

6.990 

5° 

6.100 

6.05 

5° 

6.210 

6.19 

10° 

6.395 

6.375 

10° 

6.490 

6.46 

10° 

6.560 

6.53 

10° 

6.090 

6.075 

15° 

6.195 

6.18 

15° 

6.320 

6.30 

20° 

6.320 

6.24 

20° 

6.140 

6.07 

20° 

5.820 

5.77 

25° 

5.730 

5.582 

25° 

5.920 

5.755 

30° 

6.010 

5.62 

30° 

5.682 

'  5.342 

30° 

5.915 

5.56 

35° 

5.920 

5.29 

35° 

5.850 

5.25 

40° 

6.460 

5.42 

40° 

6.042 

5.03 

45° 

5.638 

4.307 

45° 

5.880 

4.425 

TABLE  NO.  3. 

C”  AT  VARIOUS  ANGLES  COMPARED 

T0_STANDARD  TUBE  “A”  Date — 9/24/10 


a> 

fcJD 

rt 

<v 


< 

Vc 


tj  ® 
O  c/3 
w  O 


>  II 

O 

in  e 

o  ^ 

iV  ^ 


u 

s 

<u 

c 


REMARKS 


0.9958 

0.9924 

0.9948 

1.002 

0.992 

0.997 

0.997 

0.996 

0.996 

0.997 

0.997 

0.997 

0.988 

0.989 

0.992 

0.974 

0.972 

0.935 

0.940 

0.941 

0.894 

0.897 

0.8393 

0.8325 

0.7645 

0.7530 


0.9943 

1.0000 

1.0057 

0.9970 

0.9962 

0.9992 

0.9965 

0.9848 

0.9883 

0.9970 

0.9659 

0.9688 

0.9897 

0.9397 

0.9495 

0.9730 

0.9063 

0.9315 

0.9387 

0.8660 

0.9226 

0.8955 

0.8192 

0.9148 

0.8357 

•  0.7660 

0.9166 

0.7587 

0.7071 

’  0.9320 

the  same  as  for 
Tube  “B” 

Table  No.  2. 


Fig.  22  shows  the  same  set  of  curves  plotted  for  tube  “C”. 
this  tube  has  no  flat  face  to  deflect  the  water  obliquely  when  it 
is  turned  at  an  angle,  and  it  is  not  difficult  to  predict  that  for 
small  angles  of  inclination  this  tube  will  entrap  practically  as 
much  pressure  as  when  it  is  straight.  There  is  no  reason  for 
tins  tube  to  follow  the  resolved  pressure  law,  as  its  shape  does 
not  conform  to  the  theory.  The  velocities  corresponding  to  the 
heads  recorded  by  this  tube  are  plotted  at  V,  ;  and  it  should 
be  noted  that  the  curve  remains  horizontal  from  0  deg.  to  15  deg. 
Ilie  slight  variation  of  these  values  from  unity  may  have  no 
significance  as  it  is  perhaps  due  to  experimental  error. 

The  large  amount  by  which  the  curve  for  this  tube  differs 
from  the  VR  curve  results  in  low  values  of  </>.  This  tube  is 
therefore  a  poor  form  to  use  when  the  object  is  to  measure  dis¬ 
charge  ;  it  could  be  well  used  however,  in  connection  with  another 
tube  to  determine  t lie  amount  of  turbulence  in  a  stream  or  the 
average  angle  of  obliquity,  since  tube  “C”  will  tend  to  pick  up 
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the  maximum  velocity  of  the  stream  regardless  of  its  direction, 
and  will  behave  to  some  extent  like  the  cup  type  of  current 
meter. 

TABLE  NO.  4. 

PITot  TUBE  “D”  AT  VARIOUS  ANGLES  COMPARED 

TO  STANDARD  TUBE  “A”.  Date— 9/26/10 


Test 

Angle  of 

0  Tube  “D” 
From  0° 

Veloc.  by 
.  Stand.  Tube 
<  at  0° 

Ft.  Per  Sec. 

.  Veloc.  by 
<  Tube  “D” 

Ft.  Per  Sec. 

>  l> 

II 

> 

<  Average 

3 

111 

0° 

5.025 

5.000 

0.9950 

112 

0° 

5.512 

5.462 

0.9909 

0.9955 

113 

0° 

5.682 

5.665 

0.9970 

114 

0° 

6.480 

6.475 

0.9992 

115 

5°R 

5.655 

5.635 

0.9965 

116 

5°  R 

5.322 

5.295 

0.9949 

0.9934 

117 

5°R 

5.975 

5.940 

0.9941 

118 

5°R 

5.728 

5.660 

0.9881 

119 

10°R 

6.050 

6.000 

0.9917 

120 

10°R 

6.640 

6.620 

0.9970 

0.9930 

121 

10°R 

5.938 

5.900 

0.9936 

135 

10°L 

6.245 

6.220 

0.9960 

136 

10°L 

5.704 

5.645 

0.9897 

137 

10°L 

6.165 

6.122 

0.9930 

138 

10°L 

6.107 

6.040 

0.9890 

122 

15°R 

6.445 

6.403 

0.9935 

123 

15°R 

6.247 

6.202 

0.9928 

0.9927 

124 

15°R 

6.207 

6.180 

0.9956 

125 

15°R 

6.310 

6.240 

0.9889 

126 

20°R 

6.000 

5.912 

0.9853 

127 

20°R 

5.903 

5.855 

0.9919 

0.9885 

128 

20°R 

6.022 

5.942 

0.9867 

139 

20°L 

7.005 

6.900 

0.9850 

140 

20°L 

6.048 

5.992 

0.9907 

141 

20°L 

5.940 

5.890 

0.9916 

129 

25°R 

5.984 

5.890 

0.9843 

130 

25°R 

6.065 

5.932 

0.9781 

0.9822 

131 

25°R 

6.115 

6.018 

0.9841 

132 

30°R 

6.200 

6.040 

0.9742 

133 

30°R 

6.265 

6.108 

0.9749 

0.9743 

134 

30°R 

5,865 

5.682 

0.9688 

142 

30°L 

5.936 

5.804 

0.9778 

143 

30°L 

6.341 

6.200 

0.9778 

144 

30°L 

6.100 

5.932 

0.9725 

i  ®i 

?  o  > 

^3  >  1 
<u 

i  ii- 

V  & 

*  > 

Tube  Coefficient 

Vr 

vD 

REMARKS 

1.0000 

1.0045 

0.9962 

1.0028 

0.9848 

0.9917 

Location  of  Tubes 
the  same  as  for  “B” 
&  “C”.  Due  however 
to  Rain  Depth  of 
Water  in  Tank  = 

41  y8" 

Depth  of  Tube 

Points  Below  Surface 
=  20  9/16" 

0.9659 

0.9730 

0.9397 

0.9506 

All  Angles  #  Marked 
“R”  were  taken  to 
the  right  and  those 
Marked  “L”  to  the 
left  of  the  line  of  the 
Direction  of  Motion. 

0.9063 

0.9227 

0.8660 

0.8892 

Fig.  23,  for  tube  “Z>”,  shows  curves  of  the  same  character 
as  those  of  “C”,  as  might  be  expected  from  the  form  of  “D”. 
In  fact,  this  tube  would  be  even  better  than  “C”  if  used  to  re¬ 
cord  turbulence  rather  than  velocity.  It  may  be  imagined  that 
the  action  of  the  water  on  entering  the  funnel  of  “  D  ’  ’  is  nearly 
the  same  as  that  on  “C”  if  the  latter  were  made  as  large  in  di¬ 
ameter  as  the  rim  of  “D”. 
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TABLE  NO.  5. 


PITOT  TUBE  “E”  AT  VARIOUS  ANGLES  COMPARED 

TO  STANDARD  TUBE  “A”.  Date— 9/26  &  27/10 


Test 

^  -  c 

o-  o 
<u  e 

Sgi 

e 

Veloc.  by 

Stand.  Tube 
^  at  0° 

Ft.  Per  Sec. 

«  o 

..  r  >  v 

6 

w 

v, 

>  > 

II 

> 

? 

4> 

VE 

6  © 
c 

c/5 

4?  o  > 

, 

V  ^ 

i  ii 

Tube  Coefficient 

h  V« 

*  =  vT 

V  E 

REMARKS 

145 

0° 

5.675 

5.665 

0.9982 

• 

146 

0° 

5.085 

5.090 

1.0010 

147 

0° 

5.470 

5.467 

0.9994 

0.99965  1.0000 

1.00035 

Conditions  exactly 

148 

0° 

5.465 

5.465 

1.0000 

the  same  as  for 

149 

5°R 

5.985 

5.995 

1.0017 

1  ube  D, 

150 

5°R 

5.730 

5.750 

1.0035 

Table  No.  4. 

151 

5°R 

5.920 

5.910 

0.9983 

152 

5°R 

5.873 

5.883 

1.0017 

1.00125  0.9962 

0.99495 

153 

5°R 

5.828 

5.833 

1.0009 

154 

5°R 

5.686 

5.694 

1.0014 

155 

10°R 

5.810 

5.815 

1.0009 

156 

10°R 

5.699 

5.684 

0.9974 

157 

10°R 

5.710 

5.680 

0.9947 

158 

10°R 

6.274 

6.210 

0.989S 

.09958 

0.9848 

0.98895 

159 

10°R 

5.980 

5.980 

1.0000 

160 

10°R 

5.500 

5.493 

0.9987 

180 

10°L 

6.010 

5.934 

0.9874 

181 

10°L 

6.162 

6.138 

0.9961 

182 

10°L 

6.155 

6.138 

0.9972 

161 

15°R 

5.740 

5.705 

0.9939 

162 

15°R 

5.865 

5.806 

0.9900 

163 

15°R 

5.885 

5.860 

0.9958 

164 

15°R 

5.950 

5.886 

0.9893 

0.9923 

0.9659 

0.97339 

165 

15°R 

6.175 

6.115 

0.9903 

166 

15°R 

5.565 

5.535 

0.9946 

167 

20°R 

5.800 

5.680 

0.9793 

168 

20°R 

5.622 

5.496 

0.9776 

169 

20°R 

5.865 

5.745 

0.9795 

170 

20°R 

5.665 

5.564 

0.9822 

183 

20°L 

6.282 

6.072 

0.9666 

0.9742 

0.9397 

0.9645 

184 

20°L 

6.350 

6.162 

0.9704 

185 

20°L 

6.195 

6.021 

0.9719 

186 

20°L 

6.218 

6.008 

0.9663 

171 

25°R 

5.900 

5.622 

0.9529 

172 

25°  R 

6.050 

5.800 

0.9587 

173 

25°R 

6.080 

5.821 

0.9574 

0.9555 

0.9063 

0.9485 

174 

25°R 

6.380 

6.080 

0.9530 

175 

30°R 

6.392 

5.944 

0.929S 

176 

30°R 

5.772 

5.320 

0.9217 

177 

30°R 

6.130 

5.660 

0.9233 

178 

30°R 

5.952 

5.500 

0.9241 

179 

30°R 

6.621 

6.085 

0.9191 

187 

30°L 

6.240 

5.670 

0.9087 

188 

30°L 

6.212 

5.680 

0.9143 

0.9172 

0.8660 

09441 

189 

30°L 

6.275 

5.700 

0.9084 

190 

30°L 

6.842 

6.240 

0.9120 

191 

30°L 

6.844 

6.235 

0.9110 

192 

40°R 

6.692 

5.508 

0.8231 

193 

40°R 

6.870 

5.692 

0.8286 

194 

40°R 

6.860 

5.689 

0.8293 

0.8273  0.7660 

0.9259 

L95 

40°R 

6.792 

5.625 

0.8281 

196 

50°R 

7.235 

4.970 

0.6868 

197 

50°R 

5.775 

3.950 

0.6838 

198 

S0°R 

6.145 

4.217 

0.6863 

0.6840 

199 

50°R 

5.980 

4.062 

0.6793 

200 

60°R 

6.114 

2.852 

0.4665 

201 

60°R 

6.050 

2.780 

0.4595 

0.4630 

202 

70°R 

6.305 

0.543 

0.0861 

203 

70°R 

6.680 

1.008 

0.1508 

0.1131 

204 

70°R 

7.148 

0.732 

0.1024 

205 

80°R 

6.135 

-2.700 

-0.4400 

206 

80CR 

6.415 

—2.932 

-0.4572 

207 

80°R 

6.275 

—2.^83 

-0.4430 

—0.44885 

208 

80°  R 

6.490 

-2.953. 

-0.4552 

209 

90°  R 

6.530 

-5.780 

-0.8852 

210 

90°  R 

6.365 

-5.732 

-0.9006 

211 

90°  R 

6.645 

-5.882 

-0.8852 

— 0.89315 

212 

90°  R 

6.438 

-5.805 

-0.9016 

-  .  - - - 

CM 

bi) 
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Tube  “E”  is  perfectly  cylindrical  on  the  outside,  and  the 
tests  on  this  tube  and  also  on  “ F”  were  carried  farther  than 
on  the  others,  the  inclination  being  continued  up  to  90  deg.  as 
shown  in  Fig.  24.  The  great  amount  of  suction  produced  in 
the  90  deg.  position — the  negative  pressure  being  almost  equal 
to  the  velocity  head  of  the  water — indicates  the  large  error  which 
results  when  static  pressure  peizometer  tubes  are  allowed  to 
project  beyond  the  inner  surface  of  a  pipe.  Such  a  tube  as 
this  would  have  to  be  turned  17^4  deg.  upstream  to  record  the 
exact  static  pressure,  free  from  velocity  influence ;  but  even  in 
this  position  it  would  be  a  poor  instrument,  because  a  slight 
variation  in  angle  would  cause  a  rapid  variation  in  the  reading. 

The  character  of  the  curves  of  “E”  for  small  angles  is 
similar  in  general  to  tube  “7F*  and  the  curve  Vv  is  seen  to 
agree  fairly  well  with  the  theoretic  curve  VT  for  angles  up  to 
30  deg. 

Tube  “F”,  the  curves  of  which  are  shown  in  Fig.  25,  is  one 
of  the  most  interesting  of  those  tested.  The  curve  for  this 
,  tube,  Vv  shown  in  Fig.  25,  is  in  close  agreement  with  the 
theoretic  curve  VT  for  moderate  angles  of  inclination,  and 
differs  from  it  less  than  one  percent  between  0  deg.  and  30  deg. 
After  this  the  disturbances  on  the  cylindrical  lateral  surface 
of  the  tube  probably  begin  to  be  felt,  and  the  pressure  drops 
below  that  corresponding  to  VT.  This  tube  develops  much 
less  negative  pressure  in  the  90  deg.  position  than  tube  “E”, 
and  it  can  be  judged  that  if  the  diameter  is  increased  to  furnish 
a  flat  plate  of  sufficient  extent  and  the  edge  disturbance  avoided, 
the  true  static  pressure  will  be  recorded.  It  is  evident,  however, 
that  disturbances  in  the  neighborhood  of  the  static  opening 
cause  large  errors  in  a  peizometer. 

The  results  of  the  oscillating  tests  were  somewhat  incon¬ 
clusive  on  account  of  the  difficulty  in  obtaining  accurate  read¬ 
ings  as  noted  above,  so  that  these  tests  are  omitted.  It  may  be 
said,  however,  that  the  effect  of  the  oscillations  on  the  pressure 
recorded  by  the  tube  seemed  to  be  slight  and  only  at  high 
velocities  of  oscillation  was  the  effect  clearly  developed.  At 
the  higher  reciprocating  velocities,  the  oscillations  being  in  the 
direction  of  motion  of  the  car,  the  tube  read  too  high,  so  that 
under  conditions  in  a  stream  involving  variation  in  magnitude 


Test 


213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 

226 
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228 

229 

230 

231 

232 

233 

234 

235 

236 
236 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 
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253 

254 

255 
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257 
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273 
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PITOT  TUBE 


TA£LE  NO.  6. 

••F”  AT  VARIOUS  ANGLES 
TO  STANDARD  TUBE  “A”. 


d 

~  .  o 
°-  o 

~Z  V  . 

>?£  C/I 

u 

«  c 
bc-~  3 

dro  ** 
o  n  =  ^ 

c  -  £ 

y  C3 

>'jr. 

0 

V 

U 

CJ 

in 


COM PARED 
.  Date — 9/27/10 


REMARKS 


0° 

5.798 

5.810 

1.0027 

0° 

5.682 

5.685 

1.0005 

0° 

5.870 

5.S80 

1.0017 

1.0010 

0° 

6.315 

6.310 

0.9992 

5°R 

6.180 

6.153 

0.9956 

5°R 

6.153 

6.145 

0.9987 

5°  R 

6.161 

6.165 

1.0006 

0.99998 

5°R 

5.540 

5.562 

1.0040 

5°R 

5.437 

5.443 

1.0010 

10°  R 

5.663 

5.638 

0.9956 

10°R 

5.703 

5.655 

0.9916 

10°R 

5.500 

5.455 

0.9918 

0.9928 

10°R 

5.680 

5.635 

0.9921 

15°R 

5.400 

5.335 

0.9880 

15°R 

5.540 

5.440 

0.9820 

0.9839 

1 5°R 

5.272 

5.162 

0.9792 

15°R 

5.758 

5.681 

0.9866 

20°R 

5.518 

5.360 

0.9714 

20°R 

5.920 

5.760 

0.9730 

20°R 

5.980 

5.845 

0.9774 

20°R 

6.096 

5.940 

0.9744 

0.9730 

20°R 

6.315 

6.120 

0.9691 

20°R 

6.200 

6.032 

0.9729 

25°R 

6.271 

6.000 

0.9568 

25  °R 

6.025 

5.685 

0.9436 

25°R 

5.940 

5.618 

0.9458 

0.9467  ' 

25°R 

6.385 

6.020 

0.9429 

25°R 

6.520 

6.158 

0.9445 

30°R 

6.460 

5.930 

0.9180 

30°R 

6.828 

6.315 

0.9248 

30°R 

6.305 

5.805 

0.9207 

0.9179 

30°R 

6.420 

5.875 

0.9151 

30°R 

6.418 

5.845 

0.9108 

40°R 

6.460 

5.446 

0.8431 

40°R 

6.620 

5.575 

0.8422 

0.8433 

40°R 

6.348 

5.360 

0.8445 

50°R 

6.440 

4.675 

0.7259 

50°R 

6.495 

4.760 

0.7328 

0.7300 

50°R 

6.835 

5.000 

0.7313 

60°R 

6.735 

3.840 

0.5702 

60°R 

6.795 

3.810 

0.5606 

0.5593 

60°R 

6.330 

3.463 

0.5472 

70°  R 

8.265 

2.037 

70°R 

6.535 

2.045 

0.3130 

0.3098 

70°R 

6.840 

2.097 

0.3066 

75  °R 

6.965 

0.954 

0.1369 

75°R 

6.541 

0.750 

0.1146 

75°K 

6.150 

-0.83-1  - 

-0.1356  - 

-U.0386 

80°R 

6.500 

— 1.445  - 

-0.2222 

80r  R 

6.458 

— 1.426- 

-0.2210— 0.2196 

80c  R 

6.440 

-1.389- 

-0.2156 

• 

85°R 

6.240 

— 1.778  - 

•0.2849 

85°R 

6.355 

—1.822—0.2868- 

-0.2887 

85  °R 

6.282 

-1.851- 

-0.2945 

90°R 

6.320 

— 2.750^—0.4351 

90°R 

6.265 

-3.137- 

-0.5002 

90c  R 

6.755 

—2.966.- 

-0.4390 

90°R 

6.660 

-3.343- 

-0.5020 

90PR 

4.693 

—2.407— 

-0.5124 

90°R 

5.005 

— 2.472  < — 0.4938 — 

-0.4781 

90c  R 

4.977 

—2.523— 

-0.5070 

90CR 

4.902 

—2.442  — 

-0.4982 

90  CR 

4.780 

-2.371- 

-0.4960 

1  0000  0.9990 


0.9962  0.9962 

Conditions  the  same 
as  for  Tubes  D  & 

E,  Tables  4  &  5. 

0.9848  0.9919 


0.9659  0.9817 


0.9397  096578 


0.9063  0.95732 


0  8660  0.9435 


Fig.  25. 
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of  the  velocity,  the  velocity  recorded  by  the  tube  must  be  multi¬ 
plied  by  a  coefficient  less  than  unity,  as  previously  predicted. 
For  a  given  maximum  velocity  of  oscillation,  the  effect  of  a  low 
number  of  long  oscillations  per  second  was  greater  than  oscil¬ 
lations  of  less  amplitude  with  a  corresponding  increase  in  the 
number  per  second.  In  other  words  the  tests  seemed  to  indicate 
that  small  rapidly  recurring  variations  in  the  magnitude  of  the 
velocity  do  not  cause  any  appreciable  error  in  the  tube  read¬ 
ing. 

A  rapidly  recurring  variation  in  the  angle  at  which  the 
water  impinged  on  the  tube,  as  was  given  by  the  transverse 
reciprocating  tests,  seemed  to  have  little  effect  on  the  tube  read¬ 
ing,  while  a  constant  angle  of  obliquit}7  caused  the  tube  to  read 
too  high,  as  we  have  just  seen. 

The  conclusion  to  be  drawn  from  these  tests  is  that  in 
streams  having  turbulent  flow,  the  Pitot  tube  will  read  slightly 
too  high  a  velocity,  due  to  the  effect  of  deviations  in  the  direc¬ 
tion  of  flow  of  the  water  from  the  direction  normal  to  the 
section  of  measurement,  and  to  variations  in  the  magnitude  of 
the  velocity.  This  result  shows  that  under  ordinary  conditions 
of  flow,  a  coefficient  lower  than  unity  must  be  used  to  reduce 
the  velocities  indicated  by  the  tube  to  values  which  will  give 
the  true  discharge.  The  amount  of  this  coefficient  can  be  ob¬ 
tained  by  determining  the  average  obliquity  of  flow  by  the 
use  of  the  tube  in  connection  with  a  second  tube  or  current 
meter. 

The  I.  P.  Morris  Company  has  obtained  a  number  of  reliable 
tests  in  both  large  and  small  pipes,  in  which  the  discharge  has 
been  measured  simultaneously  by  Pitot  tubes  in  the  pipe  and 
by  weirs  or  weighing  tanks.  The  coefficients  to  be  used  with  the 
tube  at  ordinary  velocities  in  large  penstocks  as  indicated  by 
weir  tests  at  Niagara  Falls  and  Shawinigan  Falls,  should  be 
slightly  less  than  98  percent;  the  average  value  used  by  the  I.  P. 
Morris  Company  being  0.9763.  These  results  were  also  checked 
by  careful  tests  made  on  smaller  pipes  at  the  University  of 
Pennsylvania  hydraulic  laboratory.  In  these  tests  the  water 
was  measured  in  large  weighing  tanks.  The  coefficient  was  in 
every  case  less  than  unity. 
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1  he  best  form  of  tube  to  use,  as  shown  by  'the  still-water 
tests,  is  a  flat-faced,  or  blunt,  tube  similar  to  “A”,  “B”  or  “E”, 
since  these  tubes  are  less  affected  by  oblique  flow  than  the  sharp 
pointed  or  funnel-shaped  types.  The  Morris  Company  uses 
tubes  similar  to  “A”  or  “B”,  and  the  above  value  of  the  co¬ 
efficient  is  applicable  with  such  a  tube.  When  used  with  this 
coefficient,  it  is  believed  that  the  Pitot  tube  will  measure  dis¬ 
charge  with  an  error  of  a  small  fraction  of  one  percent. 

COMPARATIVE  PERFORMANCE  OF  PITOT  TUBE  AND  CURRENT  METERS 

In  a  valuable  thesis  presented  to  the  Rensselaer  Polytechnic 
Institute  for  the  degree  of  Civil  Engineer,  in  1912  4,  Mr.  Charles 
F.  Rumpf  has  described  a  long  series  of  tests  made  by  him  at  the 
Institute  rating  tank,  the  apparatus  described  above  being  used. 

In  addition  to  many  tests  of  various  other  factors  affecting 
the  operation  of  current  meters,  the  meters  were  turned  at 
vaiious  angles  and  the  tests  already  described  for  Pitot  tubes 
were  duplicated  with  current  meters.  Two  meters  were  used, 
a  Price  meter  of  the  cup  type,  and  a  Buff  &  Berger  screw  meter 
of  the  Fteley-Stearns  type.  The  results  of  these  experiments 
are  shown  in  Fig.  26,  (Fig.  8  of  thesis)  which  shows  curves 
plotted  in  the  same  manner  as  those  of  Figs.  21  to  25. 

It  m  ill  be  seen  from  this  curve  that  the  cup  meter  gives 
different  readings  for  velocities  inclined  to  the  right  from  those 
inclined  to  the  left,  as  shown  in  curves  Rv  and  Rr.  The  mean 
of  these  curves  falls  close  to  unity  at  all  angles,  showing  that 
this  meter  records  practically  the  maximum  velocity  in  the 
stream  irrespective  of  direction.  The  screw  meter,  however, 
gives  readings  which  are  too  low  when  compared  with  the  re¬ 
solved  velocity  corresponding  to  any  degree  of  obliquity,  as 
shown  by  the  fact  that  the  curve  of  this  meter,  R^  falls  con¬ 
siderably  below  the  cosine  curve,  R(  .  The  curve  for  the  Pitot 
tube  marked  Fp ,  is  the  curve  for  tube  “E”  repeated,  and  is  the 
same  as  curve  V .  in  Fig.  24. 

The  coefficients  which  should  be  used  with  the  screw  meter 
are  shown  in  the  curve  </>  M  ,  and  since  this  meter  would  give 
deficient  readings  in  turbulent  water  the  coefficients  are  greater 

4  “An  Investigation  into  the  Use  and  Rating  of  the  Current  Meter”  by  Charles 
F.  Rumpf.  This  thesis  was  awarded  the  MacDonald  prize. 

“Small  Gurley  acoustic  meter  converted  for  electric  recording. 
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than  unity.  The  coefficients  for  Pitot  tube  “E”  are  marked 
E  and  are  the  same  as  shown  at  <f>  in  Fig.  24.  It  will  be 
noticed  that  either  type  of  current  meter  gives  results  which 
differ  from  the  desired  curve,  R(  ,  by  a  considerable  margin,  and 
that  the  Pitot  tube  is  better  in  this  respect  than  the  meters 
and  can  be  used  with  a  coefficient  much  nearer  to  unity. 

It  is  inherent  in  the  cup  type  of  meter  to  read  too  high  in 
turbulent  water.  The  characteristics  of  the  screw  meter,  can, 
however,  be  greatly  modified  by  changes  in  the  design. 


Fig.  27. 


In  this  connection  it  may  be  of  interest  to  refer  to  the 
curve  of  a  screw  meter  of  a  peculiar  type  recently  tested  by  the 
writer,  as  given  in  Fig.  27.  This  screw  meter,  instead  of  hav¬ 
ing  its  readings  reduced  by  turbulence  will  show  an  increase 
in  revolutions  greater  even  than  given  by  the  cup  meter.  Turn¬ 
ing  this  meter  at  an  angle  not  only  failed  to  reduce  the  revolu¬ 
tions  in  the  ratio  of  the  cosine  of  the  angle,  but  actually  in¬ 
creased  them.  A  further  peculiar  feature  is  that  the  rating 
curve  of  the  meter  in  an  inclined  position  is  not  a  straight  line. 
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CONCLUSION  :  METHOD  OF  APPLYING  PITOT  TUBE 

In  conclusion  it  may  be  said  that  the  Pitot  tube  has  been 
found  to  be  an  extremely  useful  instrument  for  many  diverse 
uses.  It  may  be  applied  to  practically  any  fluid,  to  air  or  gas 
as  well  as  to  liquids;  can  be  used  in  either  closed  pipes  or 
open  channels,  and  in  cither  large  or  small  streams.  When  ap¬ 
plied  to  the  measurement  of  pipe  discharge,  two  or  more  tubes  are 
inserted  through  stuffing  boxes  so  that  they  can  be  moved  to 
various  stations  across  two  perpendicular  diameters  of  the  pipe. 
The  method  of  the  writer  for  determining  the  discharge  has 
been  previously  described/' 

This  method  consists,  briefly,  in  the  plotting  of  the  velocity 
at  each  point  of  the  diameter  as  ordinates  of  a  curve,  the  ab¬ 
scissas  of  which  instead  of  being  proportional  to  the  distances  of 
the  tube  from  the  center  of  the  pipe,  are  proportional  to  the 
squares  of  these  distances.  The  abscissa  of  any  point  is  there¬ 
fore  proportional  to  the  area  of  the  portion  of  the  pipe  cross- 
section  contained  within  a  circle  drawn  through  the  correspond¬ 
ing  position  of  the  tube.  The  total  area  under  the  curve  will 

represent,  to  the  proper  scale,  the  value  of  j' v  da;  and  this  is 
the  discharge  from  the  pipe.  If  the  plotted  velocities  are  those 
computed  from  v  ==  y 2g  X  reading  of  Pitot  tube,  then  the  re¬ 
sult  should  be  multiplied  by  a  coefficient  less  than  unity  to  give 
the  true  discharge.  This  method  has  been  used  in  a  large 
number  of  important  tests. 

It  is  suggested  that  the  graphical  method  of  computing 
discharge  could  be  easily  applied  to  irregular  open  channels. 
The  stream  cross-section  would  be  divided  into  a  number  of 
vertical  strips  in  the  usual  manner,  and  the  mean  velocity  for 
each  ordinate  between  successive  strips  found  by  means  of  cur¬ 
rent  meters  or  Pitot  tubes.  This  mean  velocity  at  any  station 
could  be  obtained  either  graphically  from  point  determinations, 
or  from  integrating  traverses  with  a  meter.  The  mean  velocities 
at  each  station  would  then  be  plotted  as  the  ordinates  of  a  curve, 
the  abscissa  of  any  point  being  the  sum  of  the  areas  of  all  the 
strips  to  the  left  of  the  station,  or  the  total  area  of  the  cross- 
section  to  the  left  of  the  vertical  considered.  The  area  under 
the  curve  so  plotted  would  then  represent  to  scale  the  integral 
of  the  product:  velocity  X  differential  area ,  or  the  total  dis¬ 
charge. 

6  “A  New  Method  of  Reducing  the  Readings  of  the  Pitot  Tube”,  by  W.  M. 
White.  American  Machinist,  Aug.  9,  1906,  p.  175. 
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Discussion  by  Messrs.  Gardner  S.  "Williams,  "W.  AI.  "White, 
G.  Grover,  Clemens  Herschel,  William  Kent,  Edward  S. 
Cole,  Morris  Knowles,  Thomas  P.  Roberts,  Charles  M.  Allen, 
Robert  Linton,  Herman  Bacharach,  F.  Nagler,  E.  H.  Brown, 

J.  S.  Beresford,  John  N.  Chester,  Lewis  F.  Moody  and 
Benjamin  F.  Groat. 


Although  the  hydrodynamic  reactions  associated  with  the 
1  i tot  tube  have  been  most  thoroughly  treated  in  our  best  works 
upon  hydrodynamics,  yet  it  does  not  seem  that  the  important 
theorems  established  have  always  been  respected  by  those  who 
hjA  e  used  the  instrument  or  discussed  its  theory.  During  the 
last  fifteen  years  certain  fallacies  have  found  provisional  ac¬ 
ceptance  by  a  number  of  text-book  writers,  while  others  have 
taken  care  to  avoid  applications  of  theories  of  any  kind.  Con¬ 
currently  there  have  appeared  occasional  discussions  by  emi¬ 
nent  engineers  showing  an  astonishing  difference  of  opinion  as 
to  whether  the  head  raised  in  a  Pitot  tube  is  equal  to  the 

velocity-head  of  the  impinging  water  or  to  twice  that  velocity- 
head. 

It  is  not  clear  why  there  should  be  any  difference  of  opin¬ 
ion  among  hydraulists  as  to  the  question  last  mentioned.  Bern¬ 
oulli’s  theorem  is  generally  accepted  as  it  applies  to  the  flow 
of  water  in  pipes,  and  it  would  seem  that  it  should  apply  with 
closer  approximation  to  the  flow  of  water  in  an  open  channel  in 
the  immediate  vicinity  of  a  Pitot  tube,  since  the  effects  of 
friction  would  be  almost  negligible.  Moreover,  as  applied  to 
pipes,  the  theorem  has  been  employed  in  connection  with  the 
mean  velocity  in  the  pipe  instead  of  the  actual  velocity  at  a 
point.  If  the  laws  of  hydrodynamics  are  to  be  thus  applied 

*Hydraulic  Engineer,  Oliver  Building,  Pittsburgh. 

Presented  at  the  regular  monthly  meeting  of  the  Society  December  16,  1913, 
and  published  in  the  May,  1914,  Proceedings. 
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then  there  is  no  room  for  the  contention  that  the  head  raised 
in  a  Pitot  tube  is  twice  the  velocity-head  of  the  impinging  water. 

Again,  it  has  been  claimed  that  neither  of  the  two  theories 
mentioned  is  correct,  for  the  effects  of  eddies  and  friction  would 
tend  to  cut  down  the  head  so  as  to  vitiate  either  of  the  resulting 
formulas.  This  is,  in  reality,  not  a  valid  argument  because  a 
theory  in  mechanics  may  take  into  account  only  part  of  tie* 
forces  and  reactions  actually  present,  leaving  the  remainder  to 
be  covered  hy  the  introduction  of.  additional  forces  and  re¬ 
actions,  or  to  be  represented  by  experimental  coefficients  for 


limited  ranges  of  conditions  approximating  more  or  less  closely 
the  ranges  encountered  in  practice.  If  a  theory  treats  of  an 
ideal,  or  so-called  perfect  fluid,  and  is  correct  from  the  stand¬ 
point  of  pure  mechanics,  it  will  not  be  useless  to  the  trained 
engineer  because  incomplete.  He  may,  however,  find  it  necessary 
to  make  a  special  study  in  order  to  introduce  the  effects  of  the 
disturbing  influences  not  considered  in  the  construction  of  the 
ideal  formula.  In  fact  this  is  just  where  the  profession  of 
Engineer  finds  its  best  foundation.  Namely,  the  anticipation 
of  future  experiences  from  those  that  are  past. 

With  fthese  prefatory  remarks  it  will  be  well  to  state 
briefly  the  object  and  scope  of  the. paper.  It  is  the  intention 
first  to  give  a  simple  proof  of  the  formula,  h  —  r2  ~~  2gf  in  its 
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relation  to  the  formula,  h  =  v2  ~  g,  and  to  show  that  the 
foi mer  applies  to  the  Pitot  tube  while  the  latter  applies  to  the 
ease  of  a  jet  impinging  perpendicularly  upon  a  plane  surface. 
Tn  both- these  cases  the  actual  maximum  pressure-head  develop¬ 
ed  in  the  vater  is  v~  ~~  2g  but  the  total  pressure  on  the  plane 
surface,  if  divided  by  the  numerical  value  of  the  area  of  the  jet, 
would  be  equivalent  to  an  average  pressure-head  represented 
by  v-  ~  g.  This  average  pressure-head  is  merely  an  ideal 
quantity  as,  indeed,  all  averages  are.  In  practice  the  actual 
maximum  pressure-head  in  the  water  impinging  perpendicular¬ 
ly  upon  a  plane  surface  will  be  found  to  be  a  trifle,  though 
a  surprisingly  small  trifle,  less  than  half  of  the  average  derived 
in  the  manner  described.  Second,  it  will  be  shown  that  the 
foregoing  statements  are  supported  by  all  the  experiments  of 
a  long  line  of  able  investigators.1  Third,  the  general  results  of 
experiments  by  the  writer  while  conducting  an  elaborate  series 
of  turbine  tests  will  be  given,  together  with  the  method  of  de¬ 
termining  the  coefficient  of  a  Pitot  tube  by  comparison  of  its 
records  vith  the  corrected  records  of  two  different  types  of  cur¬ 
rent  meter  when  these  records  are  derived  from  the  variable 
velocities  of  a  tail  race. 


iTlie  Pitot  tube  was  invented  by  Henri  Pitot  in  1730  and  is  described  in  Histoire 
de  l  Academie  des  Sciences ,  1732,  p.  376.  Darcy  obtained  unity  for  the  coefficient 
in  his  experiments,  Recherches  Hydraulics,  Darcy  and  Bazin,  1865,  p.  63.  J.  S. 
Beresford  obtained  unity  in  Lis  experiments  for  the  coefficient,  1878,  referred  to 
elsewhere  in  this  paper.  The  writer  understands  that  the  unpublished  results  of 
iram  Mills,  Hon.  M.  Am.  Soc.  C.  E.,  are  probably  the  most  exhaustive  of  all 
and  substantially  verify  the  formula,  v*  =  2  gh,  as  the  relation  between  velocity 
and  head  indicated  by  the  Pitot  tube.  More  recently  have  appeared  a  number  of 

?aPwSnam°n?  Which  may  be  mentioned  numerous  papers  and  discussions  by  Gardner 
S.  Williams  including  his  prize  paper  in  the  Transc.  Am.  Soc.  C.  E.,  Vol.  XLVII., 
p.  1;  the  prize  papers  by  John  R.  Freeman  in  the  Transc.  Am.  Soc.  C.  E.,  Vol. 
XXI.,  p.  303  and  Vol.  XXIV.,  p.  492;  the  experiments  of  W.  M.  White  in  1900 
referred  to  elsewhere  herein;  W.  B.  Gregory,  Transc.  Am.  Soc.  M.  E.,  1903;  Boyd  and 
Judd  in  Engineering  News,  Vol.  51,  1904,  p.  318;  Judd  and  King  in  Engineering 
Xews,  Sept.  2/,  1906,  p.  326;  “Nozzle  Piezometer”,  F.  B.  Sanborn,  Engineering  News, 
Sept.  13,  1906,  p.  271;  and  many  others.  See  also  “Notes  on  the  Pitot  Tube”  by 
John  Airey,  Engineering  News,  April  17,  1913,  with  discussion  by  A.  E.  Guy  and 
the  writer  in  the  issues  of  May  22,  June  5,  and  July  31,  following.  There  arc 
also  numerous  papers  upon  the  Pitot  tube  as  applied  to  the  measurement  of  the  flow 
of  gases,  some  of  which  are  not  yet  published.  T.  E.  Stanton  “On  the  Resistances 
o  Plane  Surfaces  in  a  Current  of  Air”,  Proceedings,  Institution  of  Civil  Engi¬ 
neers,  1904,  156;  an  excellent  paper  by  W.  C.  Rowse  in  the  September  1913  Jour¬ 
nal  Am.  Soc.  M.  E.;  experiments  by  Professors  A.  M.  Greene,  Jr.,  and  Lewis  F. 
Moody  at  Rensselaer  Polytechnic  Institute. 


GROAT — PITOT  TUBE  FORMULAS 


327 


ACTION  OF  JET  UPON  A  PLATE 

Let  Fig.  1  represent  a  jet  ab  of  water  acting  upon  the 
plate  cd  having  its  plane  perpendicular  to  the  axis  of  the  jet. 

Let 

A  =  cross-sectional  area  of  jet  at  0 ; 

vQ  =  velocity  of  jet  at  0; 

vn  =  component  of  velocity  perpendicular  to  plane  of  plate 
at  N; 

w  =  weight  of  a  cubic  unit  of  water; 

g  =  acceleration  of  gravity; 

P  =  total  force  retarding  the  water. 

Then  the  mass  flowing  per  second  through  the  section  0 , 
multiplied  by  the  change  in  velocity  between  sections  0  and  N, 
will  be  the  time  rate  of  change  in  momentum  between  sections 
0  and  N.  Therefore,  this  product  will  be  equal  to  the  total 
force  acting  to  retard  the  velocity  of  the  water  between  sec¬ 
tions  0  and  N. 

Hence, 

wAv0 
'  9 

and  velocity  change  =  vQ  —  vn; 
ivAv0 


Mass  per  second 


Therefore,  P  = 


9 


( V0  -  Vn) 


(1) 


Now  since  vn  is  the  component  velocity  of  jet  perpendicular 
to  plane  of  plate  it  must  equal  zero  at  the  surface  of  the  plate. 

Q 

V0 


Therefore,  P  =  wA 


9 


(2) 


No  exception  can  be  taken  to  equation  (2)  because  it  is 
theoretically  correct  and  has  been  demonstrated  by  experiment 
on  many  occasions  and  by  experimentalists  of  unquestioned  skill. 
We  may  now  go  a  step  further  and  write 

Intensity  of  pressure  on  a  sur-  I  _  P  v0* 

face  equal  to  the  area  of  the  jet  f  =  Pl  =  X  =  w 
or  still  further  and  write 

Head  which  such  a  pressure  \ 
would  support  if  it  acted  uni-l 


9 


(3) 


Vo_ 

9 


(4) 


formly  over  an  area  equal  toi  =  ^  =  — j-  = 
that  of  the  jet  )  U ' 

Now  the  intensity  of  pressure,  p,  of  equation  (3)  and  the 
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head,  h,  of  equation  (4)  are  purely  ideal  quantities  because 
they  are  based  upon  the  assumptions  that  the  pressure  is  con¬ 
fined  to  an  area  equal  to  the  area  of  the  jet  and  that  it  is 
uniform. 

That  this  pressure  is  not  uniform  may  be  proved  by  boring 
small  holes  in  the  plate  perpendicular  to  its  face  and  measuring 
the  pressures  through  these  holes  by  manometer  tubes.  If 
this  is  accurately  done  the  intensity  of  pressure  at  the  center 
will  be  found  to  be  almost  exactly  one-half  that  given  by  (3)..2 

It  may  also  be  shown  experimentally,  that  the  pressure 
acts  over  an  area  greater  than  the  area  of  the  jet,  by  making 
the  area  of  the  plate  equal  to  that  of  the  jet.  It  will  then  be 
found  that  the  total  pressure  is  less  than  that  given  by  equa¬ 
tion  (3).  It  will  also  be  observed  that  the  water  in  this  experi¬ 
ment  is  not  diverted  through  an  angle  of  90  deg.,  but  through 
a  much  smaller  angle.  This  shows  that,  when  the  plate  is  larger 
than  the  area  of  the  jet,  as  it  must  ~be  in  order  to  divert  the 
water  through  90  deg .  and  develop  the  full  reaction,  there  is  a 
region  of  pressure  extending  beyond  an  area  A  projected  upon 
the  plate. 

These  experimental  facts  prove  unqualifiedly  that  the  in¬ 
tensity  of  pressure  of  a  jet  of  water  upon  the  face  of  a  plate  is 
always  and  everywhere  upon  the  plate  less  than  wv2  -f-  g. 

Moreover,  the  experiment  of  taking  the  manometer  pres¬ 
sures  through  holes  in  the  plate  shows  that  the  pressure  upon 
the  surface  of  the  plate  is  nowhere  greater  than  wv2  2g, 
equaling  this  value  at  the  center  and  diminishing  radially  there¬ 
from  in  all  directions. 

EXPERIMENTAL  DETERMINATION  OF  THE  DISTRIBUTION  OF  PRESSURE 
OVER  A  PLANE  SURFACE  UPON  WHICH  A  JET  OF  WATER  IMPINGES 

Figure  2  exhibits  typical  curves  of  pressure  as  obtained  by 
William  Monroe  White  in  America  and  J.  S.  Beresford  in  In- 

2Experiments  by  W.  M.  White,  in  1901.  See  Journal,  Association  of  Engineering 
Societies,  Vol.  27,  p.  39.  Also  experinfcnts  by  J.  S.  Beresford  in  Professional 
Papers  on  Indian  Engineering,  No.  CCCXXII,  mentioned  by  W.  C.  Unwin  in  his 
article  “Hydraulics”  in  the  Eleventh  Edition  of  The  Encyclopaedia  Britannica,  Vol.  14, 
p.  90.  These  experiments  were  conducted  at  Naini,  Tal.  in  October  1878,  to  deter¬ 
mine  the  intensity  and  distribution  of  the  pressure  of  a  jet  of  water  against  a 
fixed  plane  surface.  This  paper  was  abstracted  in  Minutes  of  the  Institution  of  Civil 
Engineers,  Vol.  60,  1880. 
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dia.  Ihe  curve  obtained  by  Mr.  White  from  Observation  VI 
is  shown  on  the  left  while  similar  curves  as  obtained  by  J.  S 
Beresford  are  shown  on  the  lower  right.  Through  some  mis¬ 
chance  the  numerals  I  and  III  upon  the  latter  curves  have  been 
transposed,  so  that  the  curve  marked  “Exper.  ///”  relates  to 
experiment  I  while  the  curve  marked  “Exper.  I”  relates  to  ex¬ 
periment  III  *  To  make  this  matter  perfectly  clear,  a  reproduc¬ 
tion  of  Mr.  Beresford ’s  curves  for  these  experiments,  taken 
from  his  paper,  is  supplied  in  Fig.  2a.  The  curve  on  the  upper 
right,  Fig.  2,  is  the  one  at  the  top  of  page  9,  vol.  14,  Encylo- 
paedia  Britannica,  and  illustrates  very  clearly  the  general  char¬ 
acter  of  such  curves.  The  reader  will  not  fail  to  notice  the  re¬ 
semblance  to  the  well  known  Probability  Curve.  The  fact  that 
the  maximum  rise  of  these  curves  brings  the  vertex  practically 
up  to  the  level  of  the  water  in  the  reservoir  shows  that  the  ex¬ 
periments  demonstrate  the  practical  equality  of  the  pressure- 
head,  at  the  center  of  the  plate,  to  the  velocity-head  of  the  jet 
issuing  from  the  orifice  as  it  impinges  upon  the  plate.  It  should 
also  be  observed  that  the  pressure  falls  to  negligible  values  at  a 
distance  from  the  axis  of  the  jet  equal  to  the  diameter  of  the 
jet.  Thus  the  portion  of  the  area  of  the  plate  which  sustains 
any  appreciable  pressure  is  about  four  times  the  sectional  area 
of  the  jet.  The  striking  similarity  of  the  experiments  by 

F^,v*BeS^eS  t^eSejerrors  in  the  artide  “Hydraulics”  Fig.  168,  p.  90,  Eleventh 
Edition,  Encyclopaedia  Britannica,  the  writer  has  discovered  two  others  of  greater 
moment  in  the  same  article.  The  most  serious  one  is  the  value  of  the  co¬ 
efficient  of  viscosity  for  water  at  77  deg.  Fahr.,  which  is  stated  to  be  0.00  000  191  in 

per  sq.  t.  per  unit  transverse  velocity  gradient  in  feet  per  second.  (See  p  35 
upper  right.)  v 

The  correct  equation  for  this  in  C.  G.  S.  units  is 

Coefficient  of  viscosity  (for  water)  = _ 0  0178 _ 

1  +  0.0037  t  +  .000  221  t1 

t  being  in  centigrade  degrees.  (See  p.  536,  Lamb's  “Hydrodynamics”,  1906.) 
degree  k "become^  “  tranSf°rmed  S°  33  t0  involve  the  Pound  and  Fahrenheit 

Coefficient  of  viscosity  (for  water)  _  - _ 0  0  000  372 _ 

0.47  +  0.0144  t  -f  0.000  068  fa 

va1ueThjiver„edi:veS„,,°  p“  T  '*?  f°r  77  d^  Fahr  "  *«<*  «  nearly  ten  limes  .he 
eaua'ion  (4)  E,nCyClOP*d‘f'  A"°‘l’er  error  occurs  on  p.  77.  near  ,he  lop. 

a  Xs  si™  The  T  “  nght  member  sh°u,d  b'  »  "inns  sign  instead  of 

a  pius  sign.  1  he  correct  equation  is 

«‘  =  v  au'i »,+,  +  }»;)_  j  . {4) 

MhTJT  th1  C0!fficient  of  ttiseosity  was  carried  forward  from  the  Ninth 

“ackwa°er”  i„  ^e  MP  and  was  noted  by  the  writer  in  a  paper  on 

.Backwater  ,  m  the  Minnesota  Engineer  (1909),  University  of  Minnesota. 


330  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

Messrs.  White  and  Beresford  can  only  add  to  the  value  of  their 
work. 

Beresford ’s  experiments  were  made  primarily  for  the  pur¬ 
pose  of  determining  the  pressure  generated  by  water  falling 
over  a  weir.  It  was  claimed  by  several  persons  that  water  fall¬ 
ing  over  a  weir  might  generate  pressures  amounting  to  several 
times  that  due  to  the  total  fall  of  the  water,  whereas,  Beresford 
claimed  that  such  pressures  could  not  exceed  the  pressure  due 
to  the  velocity-head  of  the  impinging  water.  He  states  the  re- 

•  jo  Mtpui  U|  airjd  uo 


Fig.  2.  Distribution  of  Pressure  Over  the  Surface  of  a  Plate  upon 

which  a  Jet  Impinges  Perpendicular. 


Distance  from  a*l«  ol  let  In  Inches. 

.Curves  of  Pressure  of  Jets  impinging  normally  on  a  Plane. 


’EXPERIMENT  NO.  1.  DIAGRAM  OF  PRESSURI 
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PRESSURf 


Position  of  hole. 


Fig.  2-A.  Ueresfoid's  Original  Curves. 


ON  THE  ACTION  Of  FALLING  WATER. 


Note. — The  pressure  corresponding  to 
dolled  portion  ol  curve  ucro  not  observed  ; 
hut  tin!  curve  has  been  completed  oil  the  as- 


NOTE. — The  pressure  corresponding  to 
dotted  portion  of  curve  were  not  observed  ; 
but  the  curve  has  been  completed  on  the  as¬ 
sumption  that  the  pressures  ju  each  side  of 
s  arc  symmetrical.  \ 

A  I  i  i 
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suit  of  his  experiments  to  determine  the  distribution  of  pres¬ 
sure  of  a  jet.  of  water  impinging  normally  upon  a  flat  plate  in 
the. following  momentous  language:  “The  important  point  to 
notice  is  that  in  no  case  did  the  intensity  of  pressure  reach  that 
due  to  a  column  of  water  of  a  height  equal  to  the  head  of  water 
tn  the  barrel,  or,  in  other  words,  to  that  of  a  height  due  to  the 
velocity,  but  that  in  some  cases  it  approached  this  limit  to  within 
one-sixteenth  of  an  inch,  so  that  had  interfering  causes  been 
entirely  removed,  the  surface  of  the  water  in  the  two  glass 

tubes  would  have  been  on  the  same  level  for  axial  positions  of 
the  plate.’ ’ 

It  should  here  be  observed  that  the  important  point  to  be 
noticed,  for  the  purpose  of  the  present  discussion,  is  not  that 
expressed  in  italics  above  but  that  stated  in  the  remainder  of 
the  paragraph.  The  smallest  head  experimented  with  was  about 
26  inches.  Hence,  it  may  be  concluded  that  the  maximum 
pressures  obtained  were  within  a  very  small  fraction  of  one 
percent  of  the  total  fall. 


Experiment  No.  8 —Fig.  33. 
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Note. — The  nozzle  was  moved  from  A  tow¬ 
ards  B  by  ^  of  an  inch  at  a  time,  the  axis  of 
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nozzle  traversing  a  plane  through  axis  of  jet. 
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t  The  dotted  line  shows  nozzle  in  the  posi. 

tion  corresponding  to  No.  22  on  scale. 

Fig.  2-B.  Early  investigation  of  the  Distribution  of  Velocities  in  a 
Jet  by  Means  of  the  Pitot  Tube  by  Beresford,  1878. 
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It  is  also  worthy  of  note  that  Beresford  experimented  with 
a  Pitot  tube  upon  the  distribution  of  velocity  across  the  diam¬ 
eter  of  a  jet  of  water  and  found,  what  has  since  been  verified 
many  times,  that  the  velocity  indicated  by  the  Pitot  tube  is  al¬ 
most  absolutely  uniform  across  the  section  and  practically  equal 
to  \/2gJi  as  the  following  table,  (Fig.  2b)  taken  from  his  results, 
shows : 

It  may  be  explained  that  the  nozzle  was,  in  reality,  a  Pitot 
tube  with  its  axis  parallel  to  the  axis  of  the  jet.  It  was  moved 
from  the  surface  of  the  jet  on  one  side  toward  the  axis  by  one- 
twentieth  inch  at  a  time,  the  axis  of  nozzle  traversing  a  plane 
through  the  axis  of  the  jet.  Excepting  the  water  near  the 
surface  of  the  jet  the  experiments  show  that  its  velocity  every¬ 
where  throughout  the  jet  was  that  due  to  a  head  only  one- 
sixteenth  of  an  inch  less  than  the  head  in  the  barrel,  which  was 
37T9e  inches.  This  experiment  also  proved  that  the  coefficient  of 
the  nozzle,  or  Pitot  tube,  was  practically  unity. 

An  interesting  incident  occurred  during  the  progress  of  the 
experiments  which  serves  well  to  illustrate  the  necessity  for  the 
caution  which  must  be  exercised  by  experimentalists  when 
interpreting  their  observations.  When  Beresford  made  his  first 
observations  upon  the  manometer  tube  receiving  pressure-head 
from  the  hole  in  the  plate  upon  which  the  jet  impinged  the 
water  was  seen  to  jump  frequently  to  a  height  considerably 
above  the  level  of  the  water  in  the  tank.  This  was  contrary 
to  his  expectations  and  he  was  led  thereby  to  make  an  investi¬ 
gation  which  showed  that  it  was  caused  by  air  entrapped  in  the 
water.  Thus  the  manometer  column,  instead  of  indicating  a 
head  greater  than  the  total  fall,  actually  indicated  a  smaller  one. 
Upon  modifying  the  apparatus  the  difficulty  was  entirely  re¬ 
moved. 

It  will  be  well  worth  the  time  and  trouble  for  any  hydraulic 
engineer  to  obtain  and  read  Beresford  ?s  paper  with  the  ac¬ 
companying  correspondence,  especially  the  letter  by  Professor 
Unwin. t  It  will  suffice  here  to  say  that  Beresford  had  formulated 
his  rule  for  estimating  the  pressure  which  would  be  exerted  upon 
the  apron  of  a  weir  by  falling  water  before  he  made  his  ex¬ 
periments  and  he  further  recognized  the  fact  that  the  great 

-j-A  copv  of  this  paper  is  contained  in  the  Boston  Public  Library,  Boston,  Mass. 
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danger  was  to  be  expected  from  pressure  underneath  causing 

blow-outs  rather  than  from  pressure  upon  the  apron,  or  floor. 

The  foregoing  statement  is  supported  by  the  following 

“Note  by  J.  S.  Beresford,  Esq.,  Executive  Engineer,  on  the 

proposed  weir  at  Keroni,  on  the  Ken  River,  dated  13th  April 
1877.”  1  ’ 

“From  the  foregoing  my  idea  is,  that  the  greatest  effect  of 
falling  water  on  any  part  of  a  floor  is  a  simple  pressure  which 
can  never  exceed,  in  intensity,  the  pressure  of  a  column  of  water 
of  a  height  equal  to  the  height  due  to  the  velocity  of  the  water 
at  the  moment  it  touches  the  floor,  and  that  this  pressure  is 
liable  to  be  exerted  in  all  directions.” 

Professor  Unwin  concurs  in  these  views  and  gives  some 
theoretical  basis  for  them. 

DESIGN  OF  DAMS 

The  foregoing  remarks  concerning  the  pressure  at  the  toe 
of  a  dam  generated  by  falling  water  have  a  very  important 
bearing  upon  the  design  of  spillway  dams.  If  such  pressures 
may  be  generated  upon  the  apron,  or  floor,  of  a  dam,  and  they 


334  PROCEEDINGS  ENGINEERS  ’  SOCIETY  WESTERN  PENNA. 

are  transmitted  in  all  directions,  it  follows  that,  under  certain 
conditions  the  toe  of  a  dam  may  be  subjected  to  a  pressure  due 
to  the  total  hydrostatic  head  upon  the  upstream  face  when  there 
is  a  discharge  over  the  spillway  sufficient  to  develop  approxi¬ 
mately  the  total  theoretic  velocity  due  to  the  head  of  water 
acting  upon  the  structure.  It  is  clear  that  the  heel  of  the  dam  is 
subjected  to  a  pressure  due  to  the  total  head  upon  the  upstream 
face.  Therefore,  under  the  conditions  supposed,  the  entire  base 
of  the  dam  may  have  1o  sustain  a  pressure  equal  to  that  due 
to  the  total  head  upon  the  base  reckoned  from  the  elevation  of 
the  water  surface  in  the  pond  above  the  dam.  Under  certain 
conditions  it  would  also  follow  that  the  same  rule  will  apply 
to  any  horizontal  plane  of  the  dam. 

Figure  3  gives  the  results  of  a  most  interesting  and  in¬ 
structive  experiment  by  Mr.  White  (see  p.  23  of  the  paper 
previously  cited).  In  this  experiment  a  2-inch  jet  was  allowed 
to  impinge  upon  a  large  flat  glass  plate.  A  thin  stream  of 
colored  solution  was  introduced  at  various  points  in  the  cross- 
section  of  the  jet.  From  each  of  these  points  a  small  colored 
line  could  be  plainly  traced,  thus  locating  a  stream-line.  The 
courses  of  these  lines  are  shown  in  the  figure  and  they  prove 
conclusively  that  there  is  no  cone  of  quiescent  water  resting 
against  the  plate.  It  has  been  maintained  by  some  writers 
that  there  is  such  a  cone  at  the  dynamic  opening  of  a  Pitot  tube. 
The  numbers  in  the  small  circles  give  the  velocities  at  the  cor¬ 
responding  points  of  the  jet.  They  were  obtained  by  means  of 
a  very  small  Pitot  tube.  Mr.  White  makes  the  significant  re¬ 
mark:  “The  point  readings  of  the  Pitot  tube  (referring  to  these 
experiments)  always  remain  near  the  water  level  in  the  box, 
the  static  part  of  the  tube  varying  as  the  velocities.  In  other 
words,  the  sum  of  the  static  and  velocity  heads  is  always  equal 
to  the  distance  through  which  the  water  falls.  ”  It  is  quite  reas¬ 
onable,  therefore,  to  conclude  that  there  is  no  cone  of  quiescent 
water  in  advance  of  the  dynamic  opening  of  a  Pitot  tube.  This 
is  also  a  conclusion  of  hydrodynamic  theory. 

SIMPLE  PROOF  OF  THE  PITOT  TUBE  FORMULA 

In  Fig.  4  let  mnpq  represent  the  extremity  of  the  dynamic 
leg  of  a  Pitot  tube.  Let  ab  be  a  small  cylinder  whose  axis 
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is  coincident  with  the  axis  of  the  horizontal  part  of  the  tube, 
which,  in  turn,  has  its  axis  parallel  to  the  direction  of  flow.  It 
will  be  assumed,  for  simplicity,  that  the  water  at  b  is  at  rest. 
If  the  tube  is  not  improperly  designed,  and  not  too  large,  there 
will  be  such  a  point,  even  if  it  becomes  necessary  to  consider  the 
point  b  as  being  at  the  surface  of  the  water  column  in  the  tube. 
In  such  a  case  it  would  not  be  necessary  to  take  into  account 
the  static  pressure  at  the  opening  for  the  purpose  of  computing 


the  impulse  of  the  water  and  it  is  accordingly  neglected.  It  is 
supposed  that  the  flow  is  steady  and  that  the  water  acts  as  a 
perfect,  incompressible  fluid.  Therefore  it  will  be  possible  to 

select  points  0,  1,  2, - n,  along  the  cylinder  such  that  all  pairs 

of  consecutive  velocities  differ  by  a  given  amount,  which  we  may 
represent  by  the  constant  A  v.  Generally  these  points  will  not 
be  equidistant.  Formula  (1),  of  Fig.  1,  may  now  be  applied  to 
find  the  sum  of  the  forces  which  retard  the  elements  of  water 
between  each  pair  of  consecutive  velocities,  or  consecutive  sec¬ 
tions,  but  with  this  difference ;  whereas,  in  applying  formula  ( 1 ) 
to  the  jet  in  Fig.  1,  all  the  water  which  passes  0  also  passes  n, 
in  applying  the  same  formula  to  the  elements  of  Fig.  4,  no  two 
of  the  cross-sections  0,  1,  2,  -  -  n,  may  be  discharging  the  same 
quantity  of  water.  Since  we  are  concerned  only  with  the  pres¬ 
sure  directed  toward  or  away  from  the  tube  along  the  axis,  ab , 
it  is  not  necessary  to  consider  transverse  action,  though  this  might 
easily  be  done. 
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By  Formula  l3, 

wA  wA 

Vo  (vo - Vj)  >  A  Pt  >  — Vi  ( Vo  —  vx) . (5) 

g  g 

where  A Px  is  the  force  retarding  the  water  between  0  and  1 , 
within  our  cylinder,  ab. 

This  inequality  arises  from  the  fact  that  the  quantities  of 
water  passing  the  points  0  and  1  are  not  the  same.  In  short, 
if  there  is  retardation  then  water  has  escaped  through  the  sides 
of  our  cylinder,  but  if  there  is  acceleration  water  has  passed 
into  our  cylinder  from  without.  Only  the  former  case  is 
symbolized  here.  It  will  appear  presently  that  this  does  not 
invalidate  the  final  conclusion.  In  any  case,  the  value  of  A Px 
lies  between  the  values  on  the  right  and  left  in  (5). 

Now  on  the  left  we  may  make  the  following  reductions : 


v0  Oo  — 


V\  )  =  vl  -  VoVi 

tv20-jr\vl—  v-oV i  +  1 

1  V  l  +  2  foo - 1?i)  2  “ 

Ay2 


2  V  \ 


1-2 

5^1 


■  ■  —  1  i  •  2 - A  —  2  — I — 

-  ^  V  o  2»i  T 


£ 


and  by  similar  process  on  the  right  the  following : 


V0Vi 


vl 


_L,,2 

2^o 


1-2 
2  1  1 


A  y 2 
2 


whence  inequality  (5)  becomes 


WA\  it;2 

3 


iv  ?  + 


Av2 


>  *I\  >  Wf\  lv. 


1  „  2 
2^  1 


Atf2 


2 


(6) 


By  analogy,  for  the  retarding  force  between  1  and  2,  Fig.  4, 


wA 


h.  v\ 


*v  %  + 


An2 


uA 


i  v  ?- 


g  f  1  *  )  g 

Finally  for  the  last  space  from  n  —  1 'to  N 

wA  f  l  2  1  2  ,  \  A  7>  ^wA 

-  b; Y  \  >  Pn>~g 


i  t’l 


Av2 


.(7) 


*  vj  i—  tvl- 


Av2 


2 


.(8) 


If  all  the  inequalities  like  (6),  (7)  and  (8)  be  added, 
so  as  to  get  the  sum  of  all  the  elementary  forces  acting  upon 
the  cylinder,  ab,  Fig.  1,  noticing  that  the  second  term  within 
any  brace  cancels  the  first  within  the  next  lower  brace,  the 


3  The  potential  is  omitted  here  for  the  sake  of  simplicity  since  its  introduction 
would  not  affect  the  final  conclusion. 
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following  inequality  results,  there  being  n  terms  in  the  sum¬ 
mation  : 


wA 

9 


>p> 


ivA 

9 


nAv 

~AV 


Here  P  is  the  total  change  in  pressure  between  the  points 
0  and  N,  both  being  arbitrarily  taken.  Further  more  nAv  is 
equal  to  vQ  —  vn 4,  since  there  were  supposed  n  terms  of  the 
sum  and  Av  is  the  constant  difference  between  consecutive 
velocities. 

Therefore, 


u'A  / 17*  — 


/Vo  -  Vn 

V 2 
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V0  -  Vn 


) 


Ac  >/>> 


u'A 


Vn  -  Vt 


.  (10) 


9  \  *  z  /  g 

Now  if  n  be  taken  sufficiently  large,  or  what  is  the  same, 
if  Ar  be  taken  sufficiently  small,  the  extreme  right  and  left  of 
(10)  may  be  made  to  differ  from  each  other  by  a  quantity  as 
small  as  you  please.  It  follows  a  fortiori  that  either  side  will 
differ  as  little  as  you  please  from  the  value  of  P.  Therefore,  the 
limit,  when  Av  =  0 ,  of  either  the  right  or  left  hand  member 
of  (10)  is  equal  to  P.  Therefore, 


P  =  w  A 


v2 

to 


I*2 

tn 


29 


(11) 


This  equation,  (11),  then,  is  the  formula  for  the  change  in 
pressure,  P,  between  any  two  points  of  the  cylinder,  where  the 
velocities  are  vQ  and  vQ .  Moreover,  these  points  are  arbitrary 
and  may  be  taken  at  pleasure. 

A  most  important  conclusion  follows  from  this  result : 

The  change  in  pressure  depends  in  no  measure  upon  the 
manner  in  which  the  velocity  changes  from  point  to  point ,  hut 
only  upon  the  initial  and  final  values  of  the  velocity. 

Therefore  take  the  point  0  sufficiently  far  from  the  tube 
so  that  the  flow  is  practically  parallel  at  the  point  selected. 
This  is  somewhat  indefinite,  but  practically  it  cannot  be  far 


4Note  that  iiA^'  may  he  less  than  to  —  r  where  pressures  alternately  rise  and 
fall.  However  this  does  not  affect  the  inequality  for  the  case  at  hand. 


5In  the  notation  of  the  infinitesimal  calculus  the  operations  would  he  indicated 
more  briefly  thus: 


338  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


from  the  month  of  the  tube.  Take  the  point  n  back  to  the 
point  b  in  the  tube  or  further  if  necessary,  to  a  point  where 
it  may  be  safe  to  conclude  that  the  water  is  at  rest.  This,  too, 
is  indefinite,  but  practically  the  water  must  be  at  rest  some¬ 
where  in  the  tube.  In  short,  it  will  not  be  a  Pitot  tube  if  it  is 
made  so  large  or  of  such  a  shape  that  the  water  moves  within  it 
to  any  great  extent.  When  this  point  is  reached  va  =  0  and 
we  have 


(12) 


What  we  have  done  now  is  to  sum  up  all  the  pressure  in¬ 
crements  along  our  little  cylinder  of  area,  A ,  and  this  reaction  is 
pressure  and  it  is  distributed  over  the  area  A  and  is  therefore 
capable  of  supporting  a  head 


P  = 

wA  2g 


(13) 


Now  it  is  true  that  the  pressure  may  not  be  uniform  over 
the  cross  section  of  a  cylinder  of  area  A  at  any  one  intermediate 
point,  but  if  we  start  with  a  section  0,  and  end  with  a  section 
b,  where  the  velocities  are  respectively  v0  and  0,  then,  since  the 
total  reaction  along  each  infinitestimal  cylinder  depends  only 
upon  the  initial  and  final  values  of  the  velocity  and  not  upon 
intermediate  velocity  gradients,  we  must  conclude  that  the 
pressure  head  over  a  finite  area  at  some  point  within  the  Pitot 
tube  is  practically  uniform  and  equal  to  v\  2g.6  It 
further  follows  that  our  cylinder  may  be  of  a  diameter  equal 
to  that  of  the  Pitot  tube  while  the  resulting  pressure  is  uni¬ 
form  over  the  entire  cross-section  at  the  point  where  the  velocity 
is  zero. 


MOTION  WITHIN  A  PITOT  TUBE 

Referring  again  to  Fig.  4,  it  is  very  probable  that  the 
motion  indicated  by  the  arrows  actually  takes  place  within  a 
Pitot  tube.  This  would  naturally  follow  from  the  fact  that  the 
water  must  approach  the .  mouth  of  the  tube  and  flow  away 
therefrom  in  a  manner  similar  to  that  which  occurs  when  a  jet 

cThe  validity  of  this  formula  for  a  Pitot  tube  in  air  has  been  demonstrated  most 
beautifully  by  Professors  Greene  and  Moody  at  Rensselaer  Polytechnic  Institute. 
See  also  a  paper  by  Rowse,  Jour,  of  the  Am.  Soc.  M.  E.,  September,  1913. 
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impinges  upon  a  plate,  as  in  Fig.  1.  There  is  no  “dead  water” 
ahead  of  the  plate  or  tube  but  the  central  stream-line  must 
reach  a  point  of  very  slow  motion  near  the  mouth  of  the  tube. 
The  current  there  divides  and  flows  outward  on  all  sides.  This 
would  tend,  by  reason  of  viscosity,  to  set  up  the  motion  indi¬ 
cated.  It  will  be  observed,  as  already  stated,  that  this  inter¬ 
mediate  motion  will  have  no  effect  upon  the  head  raised,  pro¬ 
vided  there  is  a  region  still  farther  back  in  the  tube  where  the 
velocity  is  practically  zero. 

COMPARISON  OF  FORMULAS 

hi  =  v  ;  -f-  g . (4) 

h  -=  v  l  -5-  2g . (13) 

Formula  (4)  represents  the  ideal  average  pressure-head 
that  would  have  to  be  exerted  upon  an  area  equal  to  the  cross- 
sectional  area  of  a  jet  of  water  in  order  to  generate  a  total 
pressure  sufficient  to  kill  the  original  component  of  velocity  of 
all  the  water  issuing  from  the  orifice.  It  is  derived  from 
Formula  1  by  making  vn  =  0,  and  dividing  the  result  by  wA. 
In  formula  (1),  vQ  is  the  remnant  of  the  original  component  of 
velocity. 

Since  formula  (1)  represents  the  change  in  pressure  neces¬ 
sary  to  change  the  velocity  of  a  quantity,  Avof  of  water  from 
v0  to  vn,  it  may  be  employed,  with  more  or  less  approximation, 
to  ascertain  the  rise  of  pressure  between  any  two  consecutive 
sections,  as  in  Fig.  4,  by  letting  A  represent  the  area  of  the 
section  (herein  taken  as  constant)  while  v0  represents  the  enter¬ 
ing  velocity  and  vQ  the  discharging  velocity  as  the  water  leaves 
the  element  of  space  considered.  The  degree  of  approximation 
will  be  greater  as  the  size  of  the  element  is  taken  shorter,  since, 
in  the  case  under  consideration,  the  quantity  of  wrater  actually 
retarded  is  less  than  Av0  and  greater  than  Avn .  It  is  under¬ 
stood  that  the  subscript  n  may  have  the  values  1,  2 ,  3 ,  etc,  and 
the  size  of  the  elements  may  be  as  small  as  desired. 

Thus  understanding  formula  (1),  it  may  be  employed  to 
sum  the  forces  acting  upon  the  elements  of  water  forming  the 
cylinder  in  Figure  4.  When  these  elements  are  taken  sufficient- 
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ly  small  the  sum  is  found  to  approach  a  limit  indicated  by 
formula  (11).  This  limit  leads  at  once  to  formula  (13)  as  given. 

EFFECT  OF  FORM 

Tn  the  proof  of  equation  (13)  and  the  intermediate  steps 
it  was  seen  that  the  head,  li,  does  not  depend  upon  the  manner, 
or  suddenness,  with  which  the  velocity  changes  take  place,  but 
only  upon  the  initial  and  final  values  of  the  velocity,  the  final 
value  being  zero.  This  being  the  case,  it  will  be  seen  that  any 
form  of  Pitot  tube  which  brings  the  water  to  rest  will  satisfy 
equation  (13).  The  indispensable  requirement  is  that  the 
velocity  be  reduced  to  zero  at,  or  within,  the  tube.  It  follows 
that  the  tube  may  lie  of  any  size  or  shape  but  to  insure  the  sup¬ 
pression  of  motions  the  tube  leading  to  the  manometer  may  be 
diminished  as  much  as  practicable. 

Hence,  we  find  that  tubes  of  various  sizes  and  shapes,  from 
the  stylographic  pen  point  employed  by  John  R.  Freeman7  to 
the  various  sizes  and  shapes  experimented  with  by  W.  M.  White, 
as  described  in  the  paper  cited  above,  all  satisfy  equation  (13) 
with  great  fidelity. 


THE  STATIC  OPENING 

In  order  to  be  able  to  employ  a  Pitot  tube  it  must  be 
borne  in  mind  that  the  static  pressure  as  well  as  the  dynamic  is 
recorded  by  the  Pitot  tube.  The  head,  h,  raised  by  the  impulse, 
or  hydrodynamic  action,  will  have  superposed  upon  it  the 
static  pressure  at  the  mouth  of  the  tube.  Consequently,  there 
must  be  a  second  opening  for  practical  use,  an  example  of  which 
may  be  seen  in  Fig.  10. 

The  difference  between  the  heads  in  the  dynamic  and  static 
openings  is  the  head  which  appears  in  equation  (13).  If  the 
static  opening,  for  any  reason,  fails  to  indicate  the  true  static 
head,  then  an  error  is  introduced.  This  fact,  and  the  great 
liability  of  the  static  reading  to  be  erroneous,  has  caused  most 
of  the  trouble  which  has  been  experienced  with  the  Pitot  tube. 

This  has  been  most  clearly  stated  by  W.  C.  Rowse  in  his 
paper  “Pitot  Tubes  for  Gas  Measurement”  in  the  September, 

Experiments  Relating  to  Hydraulics  of  Fire  Streams,  Transactions,  American 
Soc.  of  Civil  Engineers,  Vol.  21,  page  303.  (Awarded  Norman  Medal  for  1890.) 
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1913  Journal  of  the  American  Society  of  Mechanical  Engineers 
as  follows: 

“It  has  been  satisfactorily  proved  and  accepted  that  the 
dynamic  tube  gives  the  correct  pressure  if  the  tube  points 
parallel  to  the  current.  But  it  is  a  very  difficult  matter  to 
obtain  the  correct  static  pressure  on  account  of  secondary 
velocity  effects.  Therefore  the  study  of  the  accuracy  of  the 
Pitot  tube  resolves  itself  into  a  study  of  the  correct  method  of 
obtaining  the  static  pressure  at  the  given  cross-section  where 
the  tube  is  inserted/' 

His  conclusion  d,  page  1341  is  also  of  exceeding  importance 

to  Pitot  tube  designers.  He  writes: 

“Of  the  methods  of  obtaining  the  static  pressure  by  the 
Pitot  tube  itself,  the  most  reliable  and  accurate  is  by  means  of  a 
very  small  hole  in  a  perfectly  smooth  surface,  as  in  Pitot  tube 
“Y”. 

REACTION  OF  A  JET 

Figure  5  represents  a  beautiful  experiment  given  by  Unwin 
in  his  article  on  hydraulics  in  The  Encyclopaedia  Britannica, 
previously  referred  to.  Two  tanks  provided  with  equal  con¬ 
verging  mouthpieces  are  placed  so  that  the  axes  ot  symmetry  of 
the  opposing  converging  pipes  are  coincident.  It:  water  be 
supplied  to  A  sufficient  to  maintain  the  level  shown,  then  the 


jet  from  A  is  capable  of  shooting  across  the  space  between  the 
two  vessels  without  any  serious  loss  and  supporting  a  head  in  /> 
nearly  equal  to  that  in  A.  In  the  particular  experiment  men¬ 
tioned  there  were  2(B  inches  of  head  in  A  and  18  inches  in  B. 
We  may  now  infer,  from  what  has  preceded,  that  if  a  light  flat 
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plate  were  placed  over  the  mouth  of  B  while  the  jet  from  A 
was  allowed  to  impinge  upon  it,  the  pressure  of  the  jet  upon  the 
plate  would  be  sufficient  to  support  a  head  in  B  of  nearly  40 
inches,  but  that,  if  a  small  hole  were  bored  through  the  plate, 
concentric  with  the  axis  of  the  jet,  the  head  in  B  would  not  ex¬ 
ceed  that  in  A,  20i  inches. 

It  must  not  be  supposed,  however,  that  the  intensity  of 
pressure  is  any  greater  in  one  case  than  in  the  other.  In 
fact  our  theory  demands  that  it  be  practically  the  same  in  the 
two  cases  and  this  it  has  been  shown  is  verified  by  experiment. 
It  is  true  that  the  reaction  of  the  jet  upon  A  is  equal  to  the 
action  of  the  jet  upon  the  plate  against  the  mouth  of  B,  which 
action  is  capable  of  supporting  a  double  head  in  B  as  compared 
with  the  head  when  the  plate  is  removed.  But  we  have  no 
right  for  this  reason  to  assume  that  the  action  upon  B,  when 
the  plate  is  removed,  is  any  less  than  the  reaction  upon  A.  In¬ 
deed,  they  must  be  the  same.  And  the  reason  therefor  is  that 
as  the  water  approaches  the  orifice  along  the  walls  of  A,  or 
recedes  from  the  orifice  along  the  walls  of  B,  the  pressure  upon 
the  walls  of  the  vessels  varies  according  to  the  theorem  of 
Bernoulli.  Since  the  velocity  is  the  higher  the  nearer  the  ori¬ 
fices,  the  pressure  is  correspondingly  lower,  and  this  leaves  an 
excess  of  pressure  on  the  walls  of  the  vessels  opposite  the  ori¬ 
fices  which  gives  rise  to  the  reaction  upon  A  and  to  the  equal 
action  upon  B*. 

It  is  interesting  to  observe  that  the  chances  that  the  stream¬ 
lines  in  A  are  similar  in  form  to  those  corresponding  in  B  are 
very  slight.  In  fact  very  little  consideration  will  lead  to  a 
strong  conviction  that  such  is  not  the  case.  But  this  does  not 
negate  the  equality  of  the  action  and  reaction  upon  A  and  B, 
for  the  total  change  of  momentum  is  precisely  the  same  in  the 
two  cases,  save  for  the  small  losses  due  to  friction  and  leakage, 
and  this  whatever  the  form  of  the  system  of  stream-lines. 

tin  explaining  these  phenomena,  at  least  one  authority  states  that  “Where  the 
water  overflows  from  B,  the  impulse  of  the  jet  has  not  only  to  overcome  the  static 
pressure,  due  to  the  head  h,  but  also  to  furnish  the  dynamic  pressure  equivalent  to 
a  second  head  h,  in  order  to  raise  the  water  through  that  height. 

It  would  appear  from  this  that  h  =  v2  -r-  g,  which  is  certainly  incorrect.  (See 
Merriman’s  Hydraulics,  1904,  p.  380.) 
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STANDING  WAVE 

Standing  waves  afford  another  interesting  illustration  of 
the  operation  of  hydrodynamic  forces.  When  water  falls  over  a 
weir  or  dam  there  is  formed  at  the  foot  of  the  spillway,  or  re¬ 
moved  therefrom  to  a  greater  or  less  distance,  a  stationary  wave 

W. 


Fig.  6.  Pulsating  Standing  Wave. 


which  rises  to  a  greater  or  less  height  according  to  circum¬ 
stances.  The  rise  is  effected  at  the  expense  of  velocity.  Figure 
6  shows  such  waves  as  illustrated  in  the  Handbuch  der  Ingen- 
ieur-Wissenschaften,  part  3  (Wasserbau),  II  Band,  1  Abteilung, 
4  Auflage,  pp.  46  and  47.  Several  formulas  have  been  pro¬ 
posed  for  computing  the  height  of  such  waves  but  it  is  not  likely 
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that  any  formula  can  be  very  reliable  which  does  not  take 
into  account  the  character  of  the  spillway  and  channel.  It  would 
further  seem  that  time  should,  under  certain  circumstances,  be 
introduced,  for  there  is  a  certain  class  of  standing  wave  which 
pulsates,  or  varies  in  form,  according  to  some  periodic  function 
of  the  time.  According  to  the  Handbuch,  if  the  discharge  rises 
considerably  above  that  shown  relatively  in  the  first  figure  to  a 
certain  amount  as  shown  relatively  in  the  second  figure  then 
the  water  in  the  roller,  W„  will  be  gradually  scoured  out  by  the 
stream  beneath,  which  latter  will  then  rise  greatly  over  the 
roller,  W2,  which  also  rises  and  enlarges,  so  as  to  form  a  great 
standing  wave  with  steep  slopes  as  shown  in  the  second  figure. 
The  wave  finally  breaks  over  itself  toward  the  weir  in  conse¬ 
quence  of  the  steadily  increasing  steepness  of  its  up-stream 
slope.  This  causes  the  roller,  W„  to  form  again  as  shown  m 
the  third  figure  after  which  the  roller  is  scoured  out  as  before 
while  the  conditions  gradually  return  to  those  illustrated  in  the 
second  figure.  Thus  we  have  a  pulsating  wave. 

In  the  case  of  a  model  weir  18  cm.  high  with  10.5  cm.  fall 
and  14.5  cm.  tail-water-depth  the  period  of  pulsation  was  9.5 
sec.  With  a  22  cm.  weir  the  period  was  12  sec.  With  only 
slight  changes  of  head  water  or  tail  water  the  phenomenon 
vanished  and  the  high  wave  did  not  form. 

Similar  phenomena  for  certain  discharges  have  been  ob¬ 
served  at  some  actually  constructed  weirs. 

The  methods  of  deriving  these  imperfect  formulas,  how¬ 
ever,  are  extremely  interesting  and  are  of  value  in  fixing  upon 
the  mind  some  of  the  principles  involved  in  the  Pitot  tube  re¬ 
action.  . 

The  following  treatment  of  the  standing  wave  is  substantial¬ 
ly  that  given  by  Unwin  in  the  treatise  on  Hydraulics  mentioned 

above : 

Let  w  —  the  wreight  of  a  cubic  unit  of  water; 
q  =  the  acceleration  of  gravity ; 
q  =r  the  discharge  of  a  unit  of  width  of  the  stream, 
h  =  the  depth  of  water  at  a  section  of  the  stream  just 
up-stream  from  the  point  where  the  standing 
wave  begins  to  rise.  For  simplicity  the  bottom 
is  supposed  level ; 
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V{=  the  velocity  at  the  above  mentioned  section; 
hi  and  Vo  represent  respectively,  the  depth  and  velocity 
in  the  section  at  the  point  where  the  wave  at¬ 
tains  its  maximum  height. 

The  basis  of  the  solution  then  is  to  place  the  change  of 
momentum  per  second  between  the  two  sections  equal  to  tin 
total  retarding  force  due  to  the  difference  of  elevation  existing 
between  the  water  surfaces  at  the  two  sections  which,  for 
simplicity,  we  have  taken  of  unit  width.  Tne  rate  of  change  of 
momentum  is 

wqv ,  icqVo 

"9  —  9  .  . 

and  the  total  difference  in  pressure  between  the  two  sections  is 
lw{li  \  —  h\) 

We  have  also  the  equation  of  continuity  q  =  hi  vt  =  h2  v2 , 
which  serves  to  eliminate  v2.  Solving  the  resulting  equation  we 

may  obtain 

h2  =  V  (2v  \  h,  -4-  g  +  ih\j  —  i h, . (14) 

The  rise  of  the  standing  wave  then  is  h2  —  kx. 

The  foregoing  reasoning  is  undoubtedly  sound  so  far  as 
mathematical  logic  is  concerned,  but  it  involves  an  assumption 
at  the  outset  which  cannot  be  justified,  namely  that  the  re¬ 
tarding  pressure  is  bw  (  h  \  —  h  J  ).  If  such  an  assumption  be 
permissible  in  the  case  of  the  standing  wave  it  ought  to  apply, 
with  suitable  adaptations,  to  other  cases.  Let  us  therefore 
apply  the  assumption  to  the  case  of  the  opposing  orifices  in 
Figure  5,  but  have  the  tank  B  extended  to  the  right  indefinitely, 
so  as  to  make  the  case  more  plainly  analagous  to  that  of  the 
wave.  It  evidently  makes  no  difference  how  large  the  vessels 

may  be. 

Then  all  the  equations  employed  in  demonstrating  equa¬ 
tion  14,  with  slightly  modified  notation,  apply.  The  head  ht 
.  and  the  velocity  v2  become  negligible.  Thus  the  equations  of 
condition  may  take  the  form : 

change  of  momentum  per  second  =wqvx  -f-  g  =  wai  v  ?  •  9 y 
total  retarding  pressure  =  h2; 

where  <z1  is  the  area  of  the  orifice  in  tank  B  and  a,2  is  the  area 
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of  the  vertical  transverse  cross-section  of  the  tank  at  some  dis¬ 
tance  from  the  orifice. 

Equating  the  two  expressions  just  derived  it  is  easy  to 
show  that 


4a1  v  \ 
a2  2g 


(14a) 


But  we  know  by  experiment  that,  practically,  v  \  =  2gh2. 
Hence,  it  must  follow  that  a2  =  4ax  in  all  cases.  The  absurdity 
of  such  a  conclusion  is  obvious,  and  it  proves  that  there  are 
wrong  assumptions  entangled  with  the  premises,  as  has  been 
indicated.  We  do  not  mean  to  say,  however,  that  a  certain 
ideal  a2  may  not  be  equal  to  4ax. 

Another  discussion  of  this  subject  is  given  by  Professor 
Merriman  in  his  Treatise  on  Hydraulics.  Adopting  the  notation 
just  employed  and  putting  h2  —  hx  =  j,  the  lost  velocity-head 
will  be 


*g 

and  this,  according  to  Professor  Merriman,  is  lost  in  two  ways 
— first  by  the  impact  due  to  the  expansion  of  section,  and  sec¬ 
ond  by  the  uplifting  of  the  whole  quantity  of  water  through 
the  height  i(h2  —  hx),  loss  in  friction  between  hx  and  h2  being 
neglected.  The  loss  due  to  expansion  of  section  is 

(Vi  —  ^2)2 

2g 

and  the  continuity  equation  takes  the  form  v2  +  j)  =  v x  hx. 
By  means  of  these  relations  v2  may  be  eliminated  and  the  result¬ 
ing  equation  solved  for 


J  =  —  K  +  3V  (K  v\  —  2g) . (15) 

It  is  not  clear  to  the  writer  why  the  second  loss  is  caused 
by  the  uplifting  of  the  whole  quantity  of  water  through  the 
height  ij.  It  would  seem  more  reasonable  to  write  the  usual 
Bernoulli  equation  with  a  term  for  losses  as  in  the  case  of 
friction  losses  in  pipes.  Thus  the  first  equation  of  condition 
would  be 
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(16) 


where  L  is  the  sum  of  the  losses  of  head  due  to  the  various  causes 
which  are  active.  If  L  be  taken  equal  to  the  loss  due  to  ex¬ 
pansion,  as  above,  neglecting  all  other  losses,  it  may  be  shown 
that 


i  =  — •  1  +  V  (K  v\  —  g) 


(17) 


The  value  of  h2  as  determined  by  equation  (15)  is  to  its 
value  as  determined  by  equation  (17)  as  the  square-root  of  2  is 
to  unity.  Thus  equation  (17)  gives  a  smaller  value  of  h2  than 
equation  (15)  and  this  is  due  to  the  fact  that  equation  (15) 
would  become  identical  with  equation  (17)  if  the  second  loss 
considered  in  equation  (15)  were  taken  equal  to  j  instead  of  ij. 
In  short  it  is  inconsistent  to  write  kj  for  the  second  loss  in 
equation  (15)  if  Bernoulli’s  equation  is  to  be  relied  upon. 
Nevertheless,  equation  (15)  in  many  cases,  gives  results  only 
slightly  in  excess  of  observed  values,  whereas  equation  (17) 
frequently  gives  results  considerably  deficient  in  value.  This 
would  point  to  the  probability  that  the  loss  due  to  expansion 
employed  in  the  proof  of  equation  (15)  does  not  apply  with 
sufficient  accuracy  to  the  case  of  the  standing  wave.  It  intro¬ 
duces  too  large  a  loss  and  this  is  more  than  neutralized  by  the 
error  committed  when  the  second  loss  of  velocity-head  is  taken 
as  equal  to  only  half  what  it  should  be.  Equation  (16)  con¬ 
taining  L  would  give  correct  results  if  the  value  of  L  could  be 
expressed  in  terms  of  the  dimensions  of  the  spillway  and 
channel  in  which  the  w^ave  occurs.  In  certain  cases  it  should 
contain  the  time  also,  as  explained  above. 


NATURAL  PITOT  TUBES 


There  are  many  places  in  rivers  where  velocity-head  is 
transformed  to  potential -head  with  surprising  fidelity  to  Bern¬ 
oulli’s  theorem.  A  very  favorable  location  for  observing  such 
phenomena  is  at  the  head  of  an  island  in  the  center  of  a  swift 
channel.  Figure  7  shows  an  interesting  example.  Here  a 
velocity  of  8.95  feet  per  second,  fiowdng  as  indicated  by  the 
long  curved  arrows,  piles  the  water  up  as  it  approaches  the 
head  of  Delany  Island  in  the  St.  Lawrence  River,  a  short  dist- 
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ance  below  Richard’s  Landing.  At  a  distance  of  i  mile  above 
the  head  of  the  island  the  water  surface  is  at  elevation  2U3.4 
feet  above  sea  level  and  moving  in  an  almost  perfectly  straight 
line  toward  the  head  with  the  velocity  given.  At  the  head  the 
water  has  come  to  a  complete  rest  and  its  elevation  has  risen  to 
204.5.  Thus  1.1  feet  of  the  head,  1.25  feet,  due  to  the  velocity, 
8.95  feet  per  second,  has  actually  been  conserved  while  the 
water  was  flowing  a  distance  of  1-mile  over  an  irregular  bed. 


This  particular  case  of  the  phenomenon  was  first  observed 
bv  John  R.  Freeman.  Several  years  later  the  writer  verified 
the  velocities  and  elevations.  The  velocities  were  measured  at 
the  later  date  by  means  of  floats  about  4  feet  deep,  so  that  the 
surface  velocity  was  that  practically  observed  oyer  the  deeper 
parts  of  the  channel  where  the  velocity  was  considerable. 

Now  the  velocity  by  this  natural  Pitot  tube  is  V  (2g  X  Ll)  = 
8.42  feet  per  second  while  the  actual  velocity  was  8.95  feet  per 
second.  Therefore  the  ratio  of  the  Pitot  tube  velocity  to  the 
true  velocity  is  8.42  8.95  =  0.94.  The  coefficient  of  this 

natural  Pitot  tube  is  thus  8.95  8.42  =  1.06.  That  is  to  say, 

it  is  necessary  merely  to  increase  the  velocity  computed  from 
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the  observed  rise  of  surface  by  6  percent,  a  comparatively  small 

correction  for  such  a  casual  Pitot  tube. 

Here  also  we  may  learn  that  such  eddies  as  occur  in  a 
short  reach  of  swift  current  over  an  irregular  bed  have  but 
little  effect  in  vitiating  Bernoulli’s  theorem.  It  matters  little 
how  the  water  is  brought  to  rest;  the  tendency  is  for  it  to 
flow  according  to  the  theorem. 


PITOT  TUBE  HEADS 

It  is  important  to  compute  the  head  indicated  by  a  Pitot 
tube  in  a  proper  manner  or  an  error  of  more  or  less  moment 
is  likely  to  result.  It  is  to  be  observed  that  velocities  are  pro¬ 
portional  to  the  square  roots  of  corresponding  heads  and  there¬ 
fore  the  average  head  indicated  by  a  Pitot  tube  in  a  variable 
current  is  proportional,  not  to  the  square  root  of  the  mean  in¬ 
dicated  head,  but  to  the  mean  square  root  of  the  variable  head. 
If  several  heads  are  read  at  successive  instants  then  the  square 
root  of  each  is  to  be  extracted  and  the  mean  of  these  roots 
taken  as  the  mean  square  root  of  the  variable  head  indicated 
at  these  instants.  If  the  variable  head  is  taken  in  the  form  of  a 
continuous  time-curve  then  another  curve  is  to  be  drawn  whose 
ordinate  is  everywhere  the  square  root  of  the  corresponding  or¬ 
dinate  of  the  original  curve.  The  mean  ordinate  of  the  curve  so 
constructed  is  the  mean  square  root  of  the  variable  head  indi¬ 
cated  by  the  original  curve.  Some  instruments  may  be  so  con¬ 
structed  as  to  draw  the  square  root  curve  at  once,  in  which 
case  the  mean  ordinate,  so  drawn  would  be  the  required  mean 

square  root  without  further  reduction. 

Two  examples  of  the  process  described  are  given  in  Table 


METHOD 


TABLE  NO.  1. 

F  COMPUTING  AVERAGE  HEAD  ACTING  ON  PITOT  TUBE. 
(The  readings  are  taken  from  actual  observations.'/ 

0.48  0.53 

0.53  0.43 

0.50  0.49 

0.50  0.52 

0.50  0.50 

Squaie  root  of 

Mean  sauare  root 


0.48  0.49 

0.51  0.46 

0.48  0.46 

0.48  0.46 

0.48  0.48 

mean  =  0.6986 
—  0  6983 


0.16 

0.24 

0.24 

0.19 

0.26 


0.19 

0.24 

0.26 

0.23 

0.14 

0.23 

0.30 

0.32 

0.28 

0.13 

Square  root  of  mean  =  0.4822 


0.21 

0.31 

0.22 

0.28 

0.22 


Mean  square  root  =  0.4790 
Units  in  columns  above  are  feet. 


Note : 
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1.  In  the  first  part  twenty  heads  whose  mean  square  root  is 
0.6983  foot  are  shown.  The  comparison  of  this  mean  square 
root  with  the  square  root  of  the  mean,  0.6986,  is  also  shown. 
The  error  produced  is  only  a  small  fraction  of  one  percent.  The 
readings,  however,  are  unusually  uniform  for  this  class  of  work  ' 
in  ordinary  channels.  The  second  case  exhibits  considerably 
larger  variations,  relatively,  and  the  error  is,  accordingly,  more 
than  six-tenths  of  one  percent.  However,  the  results  show  that 
the  errors  to  be  encountered  with  only  fair  conditions  existing 
are  not  so  large  as  might  be  anticipated. 

Another  fact  may  be  inferred  from  these  tables.  It  is  that 
the  means  deduced  from  consecutive  series  of  readings  taken  in 
variable  velocities,  reading  only  to  the  nearest  hundredth  of  a 
foot,  will  give  very  consistent  results.  For  example,  in  the  sec¬ 
ond  table  the  four  mean  square  roots  deduced  from  the  four 
columns  of  five  readings  each  are,  respectively,  4.65,  4.79,  4.75, 
4.96,  the  units  being  hundredths  of  a  foot.  Thus  the  velocities 
determined  from  series  of  five  readings  each  from  the  given  table 
are  quite  consistent,  whereas  velocities  based  upon  single  read¬ 
ings  are  worthless  for  the  purpose  of  determining  average 
values.  Accordingly,  velocities  based  upon  twenty  readings,  or 
more,  even  wThere  velocities  are  quite  variable  and  heads  are  read 
only  to  the  nearest  hundredth  of  a  foot,  have  been  found  to  yield 
unexpectedly  good  results. 

In  the  case  of  the  first  table  the  mean  square  roots  cor¬ 
responding  to  the  four  columns  of  readings  are,  respectively, 
7.08,  7.02,  6.97,  and  6.86.  These  may  be  considered  very  good. 
They  show  that  the  velocity  was  actually  being  retarded  through¬ 
out  the  observations. 

It  may  be  of  some  interest  to  describe  briefly  the  method 
of  taking  the  foregoing  readings.  In  the  first  place,  let  it  be 
understood  that  the  observations  were  not  made  as  an  experi¬ 
ment  upon  the  Pitot  tube.  They  were  taken  for  the  purpose 
of  making  an  actual  discharge  measurement  of  the  quantity  of 
water  passing  through  a  turbine.  Hence  the  conditions  were  far 
removed  from  those  to  be  desired  in  the  accurate  testing  of  a 
Pitot  tube  in  a  laboratory.  The  dynamic  and  static  columns 
were  drawn  up  on  a  scale  graduated  to  single  tenths  and  half 
tenths  of  a  foot  and  the  differences  in  head  were  merely  esti- 
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mated  by  the  observer  to  the  nearest  hundredth  of  a  foot.  This 
may  seem  crude,  but  when  it  is  considered  that  the  water  col¬ 
umns  were  both  vibrating,  sometimes  violently,  that  twenty  or 
thirty  readings  wTere  taken  for  each  velocity,  and  that  all  per¬ 
centage  errors  are  nearly  split  in  two  by  the  process  of  ex¬ 
tracting  the  square  root  of  the  head,  it  will  be  seen  that  the 
method  is  probably  as  accurate  as  need  be  for  the  purpose  at 
hand.  Indeed,  the  results  of  the  actual  turbine  tests  seemed 
to  justify  this  conclusion. 8 

RELATIVE  PERFORMANCE  OF  CURRENT  METERS  AND  PITOT  TUBES 

The  foregoing  remarks  relative  to  the  computation  of  the 
mean  head  indicated  b}'  a  Pitot  tube  are  pertinent  to  the  case 
of  a  Pitot  tube  when  operated  in  the  tail  race  of  a  power  house 
for  the  determination  of  the  discharge.  But  the  accuracy  of 
discharge  determinations  based  upon  Pitot  tube  or  current  meter 
observations  has  been  very  seriously  questioned  by  a  large 
number  of  eminent  engineers,  especially  when  the  observations 
must  be  made  in  irregular  currents  of  variable  velocity. 
That  these  doubts  were  well  founded  was  most  conclusively 
shown  by  the  preliminary  tests  made  by  the  writer  upon  a  six- 
thousand  horse  power  turbine.  In  view  of  the  adverse  opin¬ 
ions  expressed  by  so  many  engineers  it  was  decided  to  make 
the  test  with  two  different  types  of  current  meter,  after  which, 
if  the  meter  tests  did  not  agree,  to  check  the  meters  by  means 
of  a  Pitot  tube. 

Accordingly  a  new  Haskell  meter  of  the  screw  type  and  a 
new  Price  meter  (large  size)  of  the  cup  type  were  procured  for 
the  turbine  tests.  These  meters  were  carefully  rated  from  a 
boat  and  were  found  to  be  quite  reliable  in  the  ratings  when 
conditions  were  favorable.  It  was  observed,  however,  that  the 
rate  observations  for  the  Haskell  meter  were  much  more  con¬ 
sistent  than  those  of  the  cup  type.  But  this  fact  left  us  quite 
unprepared  for  the  large  constant  difference  in  the  discharge 
determinations  when  two  simultaneous  tests  were  made  by 
means  of  the  two  types  of  meter.  The  cup  meter  showed  a  con¬ 
stant  difference  of  nearly  six  percent  in  excess  of  the  discharge 

8  The  tests  were  made  by  the  writer  at  Massena,  N.  Y.,  in  the  summer  and  fall 
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by  the  Haskell  meter,  and  it  was  found  that  there  were  places 
in  the  tail  races  where  the  percentage  error  was  nearly  three 


times  that  relative  amount. 

An  investigation  was  instituted  to  determine  the  cause  of 
the  discrepancy  with  the  interesting  result  that  if  the  boat 
was  rocked  during  the  ratings  the  meters  would  change  their 
rates  of  rotation  according  to  the  rule  that  the  cup  meter  was 
always  accelerated  considerably  while  the  screw  meter  was  al¬ 
ways  retarded  slightly.  About  the  same  time  it  was  ascertained 
that  similar  results  had  been  observed  by  Charles  H.  Miller, 
M.  Am.  Soc.  C.  E.9 

It  was  hardly  practicable  to  make  an  accurate  quantitative 
determination  of  these  deviations  since  it  was  not  desired  to 
make  a  scientific  study  of  current  meters  but  rather  to  find  an 
instrument  which  could  be  relied  upon  to  give  accurate  deter¬ 
minations  of  turbine  discharge.  However  the  studies  were  car¬ 
ried  on  sufficiently  to  develop  two  very  important  facts.  These 
10 

were : 

First :  When  the  boat  was  rocked  in  about  the  same  man¬ 
ner  in  two  ratings,  one  upon  the  screw  meter  and  the  other 
upon  the  cup  meter,  the  deviations  of  the  screw  meter  were 
about  one-seventh  those  of  the  cup  meter  on  the  side  of  deficiency, 
the  deviations  of  the  cup  meter  being  on  the  side  of  excess. 

Second :  When  the  two  meters  were  operated  simultaneous¬ 
ly  in  a  tail  race,  taking  readings  of  equal  weight,  in  two  differ¬ 
ent  comparisons,  for  the  same  meter  points,  the  ratio  of  the  sum 
of  the  velocities  by  the  Haskell  meter  to  the  sum  t>y  the  Price 
meter  was  an  almost  perfect  constant  for  the  same  discharge. 
This  showed  that  either  meter  could  be  relied  upon  to  give  a 
constant  record  in  the  races  under  the  same  conditions.  In  other 
words,  the  meters  had  perfectly  definite  ratings  in  the  races 
but  these  ratings  were  not  the  same  as  those  determined  from 


ratings  in  still  water. 

The  formal  comparison  of  the  meters  in  the  tail  races  is 
shown  in  Fig.  8.  It  will  be  found  that  practically  all  the 


9  See  a  discussion  of  a  paper  on  current  meter  and  weir  discharge  compansions 
by  Charles  H.  Miller,  Transactions,  Am.  Soc.  C.  E.f  Vol.  47,  1902,  p.  370.  The 
paper  is  by  Edward  C.  Murphy,  M.  Am.  Soc.  C.  E. 

10  For  a  more  detailed  description  of  these  studies  see  a  paper  on  current 
meters  by  the  writer  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVI,  p.  819  (1913). 


00 
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Relative  Readings  of  Cup  and  Screw  Current  Meters. 
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observations  lie  within  a  fraction  of  one  percent  of  the  finally 
established  curves.  The  larger  variations,  too,  were,  for  the 
most  part,  well  accounted  for  by  the  small  unavoidable  varia¬ 
tions  of  the  circumstances  of  the  individual  tests  which  varia¬ 
tions  however,  were  not  measured. 

The  two  facts  determined  above  supply  a  means  of  esti¬ 
mating  the  true  velocity  of  a  perturbed  current  by  means  of 
simultaneous  observations  with  a  cup  meter  and  a  screw  meter. 
The  two  resulting  velocities  are  determined  from  the  still  water 
ratings  of  the  meters  in  the  usual  manner.  In  the  case  of  the 
two  particular  meters  in  question  one-seventh  of  the  difference 
between  the  two  velocities  is  added  to  the  velocity  by  the  Has¬ 
kell  meter  which  should  give  very  closely  the  true  velocity  of 
the  current.  In  this  manner  one  may  determine  the  true  velo¬ 
city  at  each  of  the  meter  points  in  a  tail  race  and  thus  arrive 
finally  at  the  discharge.  This,  in  substance,  was  one  method 
of  determining  the  discharge  in  the  tests  by  the  writer  at 
Massena.  In  addition  the  meters  were  rated  in  the  races  rela¬ 
tive  to  the  discharge  as  determined  by  a  Pitot  tube.  With  the 
results  of  the  meter  and  Pitot  tube  observations,  as  outlined 
above,  it  is  possible  to  determine  the  coefficient  of  the  Pitot  tube. 

ACTUAL  DETERMINATION  OF  THE  COEFFICIENT  OF  THE  PITOT  TUBE 

IN  THE  TURBINE  TESTS 

Figure  9  shows  a  vertical,  transverse  cross-section  of  the 
twin  tail  races  and  the  relative  locations  of  the  meter  points  at 
the  84  dots  which  are  uniformly  distributed  over  the  sections. 
The  contour  lines  are  curves  of  equal  velocity  expressed  as  per¬ 
centages  of  the  sum  of  the  velocities  at  the  42  meter  points  in 
each  race.  It  will  be  noticed  that  the  meter  points  in  each  race 
are  at  the  intersections  of  six  equidistant  verticals  with  seven 
equidistant  horizontals,  thus  locating  42  points— 84  points  in 
both  races.  The  velocities  are  considerably  higher  near  the  bot¬ 
toms  than  near  the  tops  of  the  races  and  it  may  be  explained 
that  the  flow  was  much  more  uniform  near  the  bottoms  than 
near  the  tops.  In  accordance  with  these  facts  the  records  of 
the  meters  were  nearly  identical,  as  to  velocity,  near  the  bot¬ 
toms  but  diverged  more  and  more  as  the  meters  were  raised  to¬ 
ward  the  upper  and  more  agitated  layers  of  water.  It  may  be 


Fig.  9.  Characteristic  Curves  of  Equal  Velocities  in  Tail  Races. 
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of  interest  to  state  that  the  contours  of  equal  velocity  near  the 
walls  of  the  races  were  determined  by  means  of  a  Pitot  tube. 


TABLE  NO.  2. 

COMPUTATION  OF  VELOCITY  CORRECTIONS. 


Horizontal 
in  which 
meter  was 
run. 

Velocities  Based  on  the 
Still-Water  Ratings. 

Gurley.  Haskell. 

Difference. 

One  seventh 
of  difference 
+  Haskell 
=  true 
velocity. 

Velocity 
excessive  by 
Gurley. 
Percentage. 

Velocity 
deficient  by 
Haskell. 
Percentage. 

1 . 

3.94 

3.36 

0.58 

3.44 

14.5 

2.4 

2 . 

4.46 

3.90 

0.56 

3.98 

12.0 

2.0 

3 . 

4.74 

4.44 

0.30 

4.48 

5.8 

0.96 

4 . 

4.85 

4.62 

0.23 

4.65 

4.3 

0.72 

5 . 

5.08 

4.89 

0.19 

4.92 

3.2 

0.55 

6 . 

5.68 

5.55 

0.13 

5.57 

2.0 

0.34 

7 . 

6.32 

6.15 

0.17 

6.17 

2.3 

0.38 

Totals.. 

35.07 

32.91 

2.16 

33.21 

Average  error 

of  Gurley 

meter  =  - 

6  2.16 
-  X - 

=  5.6  percent. 

7  33.21 

1  2.16 


Average  error  of  Haskell  meter  —  _  ^  -  —  0.93  percent. 

7  33.21 

Table  No.  2  gives  the  computations  of  the  velocity  correc¬ 
tions  for  the  two  meters  by  the  method  described  for  the  aver¬ 
age  velocity  in  each  of  the  seven  horizontals  in  which  the  meters 
were  operated.  The  headings  of  the  various  columns  are  suffi¬ 
ciently  explicit  to  make  it  clear  to  any  one  how  the  figures  are 
derived.  The  first  two  columns,  of  course,  contain  simultaneous 
average  velocities  by  the  two  meters.  As  a  matter  of  fact, 
simultaneous  velocities  were  not  observed  in  the  horizontals  for 
the  purpose  of  compiling  the  table.  The  velocities  were  com¬ 
puted  from  an  elaborate  series  of  percentages  which  have  been 
better  described  in  the  paper  on  current  meters  previously  re¬ 
ferred  to.  Altogether,  about  40  000  carefully  correlated  instru¬ 
mental  readings  were  taken  in  the  complete  series  of  turbine 
tests.  With  these  figures  it  was  possible  to  determine  compara¬ 
tive  (computed)  simultaneous  velocities  for  each  of  the  84  meter 
points  in  the  races,  and  the  figures  of  the  first  tvo  columns  of  the 
table  are  averages  for  the  seven  horizontals  taken  from  these 
simultaneous  velocities. 

Before  deriving  the  coefficient  of  the  Pitot  tube  employed 
in  the  experiments  it  will  be  interesting  and  instructive  to  know 
something  about  the  form  of  the  instrument.  Figure  10  is  a 
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sketch  of  the  Pitot  tube  and  the  supporting  pipe.  The  Pitot  tube, 
to  the  right,  is  a  form  first  investigated  by  W.  M.  White  in  the 
remarkable  series  of  .  experiments  already  discussed.  Mr. 
White’s  experiments  showed  that  the  coefficient  of  this  tube  is 


practically  unity.  This  means  that  there  is  practically  no  error 
produced  by  the  static  orifice  as  located  in  the  design  of  the 
instrument  illustrated. 

The  supporting  pipe,  to  the  left  in  the  illustration,  was  de¬ 
signed  by  the  writer  and  the  Pitot  tube  is  attached  to  it  by 


358  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

means  of  couplings.  The  Pitot  tube  therefore  can  be  easily  re¬ 
moved  when  not  in  use.  The  support  carries  a  number  of  hooks, 
one  of  which  is  shown  in  the  sketch,  for  the  purpose  of  trans¬ 
mitting  the  weight  of  the  instrument  to  a  horizontal  rod  which 
is  maintained  at  a  constant  elevation  during  any  series  of  ex¬ 
periments  By  properly  adjusting  these  hooks  the  instrument 
can  be  readily  placed  at  any  desired  series  of  elevations  bv 
simply  engaging  the  proper  hook  with  the  horizontal  rod  for  each 
desired  elevation.  Further,  by  attaching  rope  clips  to  act  as 
stops,  or  markers,  along  the  horizontal  rod  the  Pitot  tube  may  be 
held  in  any  desired  series  of  verticals.  Thus  the  intersections 
of  the  six  verticals  and  seven  horizontals  are  immediately  located 
by  means  of  seven  hooks  on  the  supporting  pipe  and  six  rope 
clips  on  the  horizontal  rod.  In  deep  swift  water  it  is  necessary 
to  hold  the  low  er  part  of  the  supporting  pipe,  or  rod,  by  means 
of  an  adjustable  stay,  or  guy,  reeved  through  a  pulley  at  some 
point  upstream  from  the  measuring  station. 

In  the  turbine  tests  the  dynamic  orifice  of  the  Pitot  tube 
was  connected  to  the  interior  pipe  while  the  static  orfice  was 
connected  to  the  space  between  the  outer  casing,  which  was  a 
one-inch  gas  pipe,  and  the  inner  pipe,  which  was  a  quarter-inch 
gas  pipe.  From  the  two  nipples,  about  ten  feet  above  the  Pitot 
tube,  two  rubber  tubes  led  to  the  manometer  tubes,  which  were 
of  glass  attached  to  a  board  supported  vertically  at  the  side  of 
the  tail  race. 

One  more  digression  will  be  made  before  the  coefficient  is 
determined.  This  will  be  for  the  purpose  of  discussing  Mr. 
White’s  determination  of  the  coefficients  of  Pitot  tubes  M  and  N 
when  rated  in  still  water.  The  writer’s  determination  will  be 
for  the  case  of  a  Pitot  tube,  corresponding  in  form  to  Mr. 
White’s  tube  AT,  in  perturbed  water. 

In  Table  V  of  Mr.  White’s  paper  the  results  of  simultaneous 
iatings  of  tubes  ill  and  A  are  given.  In  this  case  the  true 
velocity  was  the  velocity  of  the  rating  boat  carefully  deter¬ 
mined.  In  general  the  velocities  were  4  or  5  feet  per  second. 
Table  No.  3,  following,  gives  the  simultaneous  velocities  as 
measured  in  the  ratings.  The  reader  is  cautioned,  however, 
that,  in  compiling  these  results,  the  writer  has  not  had  op¬ 
portunity  to  assure  himself  that  there  are  no  typographical 
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errors  in  the  figures  of  Mr.  White’s  paper  as  they  appear  in 
the  copy  from  which  Table  No.  3  is  compiled. 


TABLE  NO.  3. 


COMPILED  FROM  TABLE  V  OF  MR.  WHITE’S  PAPER. 


Observation. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


True  Velocity, 
4.59 

5.23 
4.12 

4.06 

5.14 

4.74 

4.82 

4.07 

3.23 
5.52 


Velocity  by 
Tube  M. 
4.54 
5.22 

4.13 

4.14 
5.19 
4.79 

4.83 

3.84 
3.13 
5.45 


Sum  45.52 

Mean  coefficient,  tube  M 
Mean  coefficient,  tube  N 


45.26 

45.52  -f-  45.26 
45.52  -f-  45.82 


Velocity  by 
Tube  N. 
4.69 

5.13 
4.33 
4.32 
5.15 
4.83 

4.82 

4.01 

3.13 
5.41 


45.82 

1.006; 

0.993. 


Where  there  are  likely  to  be  serious  discrepancies  between 
observed  magnitudes  of  the  same  kind,  the  value  of  consolidating 
the  results  of  many  observations  cannot  be  overestimated  and 
opportunity  is  here  taken  to  emphasize  that  important  fact. 

This  method  of  comparing  the  aggregates  of  velocity  for  the 
purpose  of  eliminating  accidental  variations  and  errors  is  that 
adopted  by  the  writer  in  his  paper  on  current  meters. 


TABLE  NO.  4. 

PITOT  TUBE  RATINGS  COMPILED  FROM  TABLE  VI  OF  MR  WHITE’S 

PAPER.11 


Observation. 

1 

2 

3 

4 

5 

6 

7 

8 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


True  Velocity. 
2.388 
2.410 
1.928 
1.837 
1.550 
1.550 
1.075 
1.088 
1.042 

1.122 
'1.504 
1.475 
1.828 
1.904 
2.120  . 

2.198 

2.317 

2.378 

2.502 

2.660 

2.710 

2.830 


Velocity  by 
Tube  M. 
2.446 
2.385 
1.873 

1.844 

1.542 

1.556 

1.085 

1.075 

1.063 

1.118 

1.498 

1.514 

1.830 

1.863 

2.134 

2.168 

2.372 

2.365 

2.593 

2.608 

2.770 

2.783 


Velocity  by 
Price  Meter. 
2.435 
2.430 
1.945 
1.895 
1.578 
1.550 
1.125 
1.115 
1.070 

1.148 
1.505 
1.475 
1.865 
1.900 

2.148 

2.200 

2.383 

2.340 

2.592 

2.645 

2.665  . 

2.840 


Sum 


42.416 


42.485 


Mean  coefficient,  tube  M  =  42.416  4-  42.485  = 


42.849 
0.9984 


Mean  coefficient,  Price  Meter  =  42.416  4-  42.849  =  0  9899 
"  Velocities  less  than  one  foot  per  second  have  been  omitted  as  unreliable. 
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If  the  foregoing  figures  are  to  be  relied  upon  it  must  be 
admitted  that  the  coefficients  of  the  two  Pitot  tubes  rated  in 
these  experiments  are,  on  the  average,  extremely  close  to  unity, 
with  a  probability  that  the  coefficient  of  tube  M  is  slightly  greater 
than  that  of  tube  N.  The  ratings  were  computed  on  the  sup¬ 
position  that  the  true  formula  for  the  head  on  the  Pitot  is 
v2  2g  and  that  the  coefficients  of  both  tubes  were  unity. 
It  is  possible  that  the  static  orifice  of  tube  M  was  slightly  affect¬ 
ed  in  the  tests  of  Table  No.  4,  where  the  velocities  were  con¬ 
siderably  lower  than  those  of  Table  No.  3,  but  the  writer  has  no 
further  evidence  of  the  fact  than  that  the  mean  coefficient  of 
this  tube  is  slightly  less  than  unity  as  computed  from  the  data 
of  Table  No.  4. 

Another  very  interesting  fact  appears  in  the  results  of 
Table  No.  4.  The  Price  meter  does  not  give  as  accurate  re¬ 
sults  in  these  tests  as  the  Pitot  tube.  Further,  the  velocities 
determined  from  the  still  water  ratings  of  this  meter,  as  given 
in  the  fourth  column  ot  the  table,  are,  on  the  average,  in  excess 
of  the  true  velocity.  This  excess  appears  to  be  about  one  percent. 
In  the  writer’s  paper  on  current  meters,  which  has  already  been 
referred  to,  the  following  conclusion  concerning  cup  meters  is 
given : 

“When  a  cup  meter  is  run  in  perturbed  water  it  will 
register  a  larger  number  of  revolutions  per  second  than  a  per¬ 
fect  still-water  rating  would  indicate.” 

The  greater  the  disturbance  in  the  water  the  greater  the 
excess  over  the  perfect  still-water  rating.  It  follovs  that  if 
the  water  is  relatively  more  agitated  in  the  velocity  measure¬ 
ment  than  in  the  still-water  rating  upon  which  the  velocity 
is  based,  the  velocity  will  be  in  excess  of  the  true  velocity  but 
if  the  water  is  relatively  more  disturbed  in  the  rating  than  in 
the  velocity  measurement  the  velocity  measured  will  be  deficient. 
In  general,  the  conditions  will  be  more  favorable  in  the  rating 
than  in  the  velocity  measurement  because,  in  general,  a  greater 
effort  will  be  made  to  secure  ideal  conditions  in  the  rating.  It 
is  not  surprising,  therefore,  to  find  that  a  cup  meter  failed  to 
give  as  good  results  as  the  Pitot  tube  in  the  experiments  quoted. 
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COEFFICIENT  OF  THE  PITOT  TUBE  IN  THE  TURBINE  TESTS 

In  order  to  check  the  meters  in  the  turbine  tests  about  100 
simultaneous  velocities  by  the  Haskell  meter  and  the  Pitot 
tube  were  taken  in  the  tail  races.  These  observations  were  not 
taken  hi  all  seven  of  the  depths  but  were  taken  only  in  depths 
2,  3,  o,  6,  and  7.  This  was  rendered  necessary  by  the  fact  that 
the  Pitot  tube  did  not  fit  the  staging  in  the  tail  race  for  depths 


F*ig.  11.  Boat  Rigged  for  Stream  Gauging. 


and  4.  It  was  not  thought  of  sufficient  importance  to  warrant 
making  any  changes  in  the  apparatus,  since  it  was  merely  in¬ 
tended  to  secure  direct  comparisons  between  the  meter  and  the 
Pitot  tube  in  the  races. 

The  following  table  gives  the  results  of  the  comparisons 
for  99  observations  and  a  comparison  of  the  aggregate  veloci¬ 
ties  in  a  manner  similar  to  that  employed  in  Tables  No.  3  and 

No.  4.  About  40  Pitot  tube  readings  were  taken  for  each  velocity 
by  the  meter. 
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TABLE  NO.  5. 

OF  PITOT  TUBE  AND  HASKELL  METER  COMPARISONS  FOR 
SUrVELOCITIES  WKEN  IN  DEPTHS  2,  3,  5.  6,  7  IN  THE  TAIL  RACES. 
(About  4000  individual  readings  of  the  head  indicated  by  the  Pdot  tube  were 
made  for  the  purpose  of  determining  the  figures  of  this  table). 


Depth. 

2 

3 

5 

6 
7 

Totals 


No.  of  Expt's. 
22 
22 
22 
14 
19 

99 


Pitot. 

76.55 

82.03 

86.11 

59.11 

80.73 

384.53 


Meter. 

72.59 

81.98 

86.37 

60.17 

82.06 

383.17 


Ratio.  P  -t- 
1.055 
1.001 
0.998 
0.982 
0.984 


1.004 


M. 


The  ratio  of  the  aggregate  Pitot  velocity  to  the  aggregate 
Haskell  velocity  by  the  table  is  1.004,  showing  that,  on  the  aver¬ 
age,  the  velocity  by  the  Pitot  tube  is  greater  than  that  by  the 
meter.  But  it  must  be  observed  that  the  velocities  for  t  e  1  - 
ferent  depths  are  not  equally  weighted,  while  there  ls  c°“sld‘ 
erable  difference  in  the  ratio  for  different  depths.  It  will,  there¬ 
fore,  be  proper  to  derive  a  ratio  of  aggregates  whic  wi  no 
be  subject  to  this  objection  in  such  large  measure. 

Table  No.  6  gives  the  writer’s  revision  of  the  figures: 


TABLE  NO.  6. 


CORRECTED  PITOT  TUBE  AND 

(Compiled  from 


Depth. 


Velocity  by 

True  Velocity  Haskell 
Table  No.  2.  Table  No.  2. 


2 

3 

5 

6 
7 


3.98 

4.48 

4.92 

5.57 

6.17 


3.90 

4.44 

4.89 

5.55 

6.15 


25.12  24.93 

Mean  coefficient  of  Pitot  tube  in 


HASKELL  METER  COMPARISONS. 
Tables  2  and  5). 


Ratio  of 
Vel.  by  P 
to  Vel.  by  H 
Table  No.  5. 
-  1.055 
1.001 
0.998 
0.982 
0.984 


tail  races  = 


Computed 
Velocity 
by  Pitot. 

4.11 

4.44 
4.88 

5.45 
6.05 


24.93 

25.12  -4-  24.93 


Coefficient 
of  Pitot 
Tube. 

0.968 

1.010 

1.009 

1.021 

1.020 


1.008 

1.008. 


The  true  average  velocities  in  the  five  depths  are  taken 
from  Table  No.  2  and  arranged  in  the  second  column  while  the 
corresponding  velocities  for  the  Haskell  meter  are  arranged  m 
the  third  column.  The  ratio  of  the  Pitot  velocity  to  the  Has¬ 
kell  velocity  corresponding,  taken  from  Table  No.  5  is  arranged 
in  the  fourth  column,  while  the  computed  Pitot  velocity  ap¬ 
pears  in  the  fifth  column.  The  computed  Pitot  velocity  is 
found  by  taking  the  product  of  the  corresponding  figures  m 


columns  3  and  4. 

The  coefficient  of  the  Pitot  tube  in  the  last  column  is  the 
ratio  of  the  true  velocity  to  the  Pitot  tube  velocity.  Hence,  by 
thus  changing  the  weights  of  the  velocities,  there  is  a  corre- 
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spondmg  alteration  of  relative  magnitude  between  the  Pitot 
and  Haskell  velocities.  Whereas,  in  Table  No.  5  the  aggregate 
for  the  Pitot  tube  indicates  a  greater  velocity  than  that  for 
the  Haskell  meter,  in  Table  No.  6  the  aggregates  by  the  two 
instruments  are  exactly  equal.  But,  another  conclusion  drawn 

by  the  writer  in  the  paper  on  current  meters  was  therein 
stated  as  follows: 

“When  a  screw  meter  is  run  in  perturbed  water  it  will 
register  a  smaller  number  of  revolutions  per  second  than  a 
perfect  still-water  rating  would  indicate.” 

If  this  rule  is  correct,  it  must  follow  that  the  coefficient 
of  the  Pitot  tube  is  greater  than  unity,  which .  in  fact  the 

ratio  of  the  aggregates  computed  at  the  end  of  the  table  shows 
to  be  the  case. 

It  is,  of  course,  true  that  the  coefficient  of  the  Pitot  tube, 
as  well  as  that  of  the  meter  varies  from  depth  to  depth  in  the 
tail  races,  but  it  has  not  been  thought  by  the  writer  that  these 
ratios  were  sufficiently  well  determined  to  admit  of  detailed 
analysis.  It  is  also  clear  that,  as  computed,  the  records  of  the 
Pitot  tube  and  Haskell  meter  cross  each  other  as  the  instru¬ 
ments  rise  from  the  bottom  of  the  race  to  the  top.  This  is  due 
to  the  fact  that  the  Pitot  tube  is  probably  very  nearly  correct 
m  all  depths  and  velocities,  giving  only  slightly  deficient  veloci¬ 
ties,  while  the  Haskell  meter  is,  as  has  been  shown,  almost  exactly 
correct  at  the  bottom  but  somewhat  more  deficient  in  its  rec¬ 
ords  near  the  top  than  the  Pitot  tube.  It  was  therefore  de¬ 
cided  to  employ  the  aggregates  of  velocity  for  all  the  depths 
rather  than  to  enter  upon  ground  requiring  a  degree  of  ac¬ 
curacy  probably  not  realized  in  the  experiments. 

It  may  be  of  interest  in  closing  to  describe  a  boat  rig 
which  may  be  conveniently  employed  on  large  rapid  streams 
of  considerable  depth  where  it  is  intended  to  determine  the 
discharge  by  means  of  a  Pitot  tube  or  current  meter.  Figure 
11  shows  a  common  form  of  ferry  boat  rigged  for  use  with 
a  Pitot  tube,  or  current  meter.  A  projecting  platform  is  built 
out  over  the  bow  so  that  the  Pitot  tube,  or  meter,  which  is 
lowered  at  the  extremity  of  the  platform,  will  not  be  affected 
by  the  proximity  of  the  boat.  In  order,  to  be  assured  as  to  this 
point  different  experimenters  have  frequently  recommended  that 
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the  instrument  be  at  least  six  feet  in  advance  of  the  boat.  Any 
one  of  the  hooks  on  the  supporting  pipe  of  the  Pitot  tube  can 
be  engaged  with  the  round  part  of  three  Z7-shaped  pieces  of 
rod,  which  were  flattened  at  the  ends  and  bolted  to  the  project¬ 
ing  platform.  One  of  these  U’s  can  be  seen  at  each  corner  of 
the  platform  in  front  and  one  at  the  middle  under  the  flag 
which  is  inserted  in  a  hole  bored  in  the  railing.  There  are  two 
other  holes  bored  in  the  railing,  one  at  each  corner  immediately 
over  the  corresponding  V.  This  flag  is  always  placed  over  the  V 
upon  which  the  meter,  or  Pitot  tube  is  to  be  held.  The  flag  thus 
indicates  to  all  who  are  observing  the  operation  of  the  gauging 
the  exact  location  of  the  velocity  which  is  being,  or  about  to  be, 

measured. 

The  next  important  part  of  the  equipment  of  the  boat  is  a 
comparatively  low  post  a  few  feet  back  of  the  platform  which 
is  the  king  post  from  which  the  boat  swings  when  an  observa¬ 
tion  is  being  made.  It  is  very  important  that  the  boat  be  swung 
from  this  post  as,  otherwise,  when  the  boat  is  held  in  the  stream 
from  shore  by  two  cables,  one  to  each  side,  the  boat  will  not  be 
fully  manageable.  For  example,  if  a  cable  were  attached  to 
each  corner  of  the  bow  of  the  boat  and  these  cables  led  off  to 
the  corresponding  shores  it  would  be  found  that  as  the  boat 
approached  either  shore  it  would  swing  at  an  angle  with  the 
current  and  could  not  be  placed  in  convenient  positions  for 
manipulating  the  gauging  instrument..  The  king  post  as  thus 
described  enables  the  boat  to  be  placed  at  any  angle  with  the 
current.  This  will  be  found  to  be  a  very  important  desidera¬ 
tum  where  the  soundings  are  to  be  taken  with  a  rod  in  a  deep 
swift  current.  With  this  rig  soundings  in  25  feet  of  water 
flowing  8  or  10  feet  per  second  can  be  easily  and  accurately 

obtained. 

The  method  of  locating  the  boat  in  the  stream  over  the 
meter  points  which  are  usually  pre-determined  is  as  follows: 
The  cross-section  is  marked  out  on  both  sides  of  the  riier  by 
ranges  which  can  be  seen  from  all  parts  of  the  river  along  the 
section  A  transitman  is  located  on  shore  at  an  advantageous 
point  where  he  can  cut  in  the  signal  flag  previously  mentioned. 
The  observers  on  the  boat  keep  the  craft  on  the  range  as  it  is 
warped  across  the  section  by  winding  up  on  one  of  the  winches 
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which  carry  the  shore  cables  and  paying  out  on  the  other.  A 
little  practice  and  proper  proportions  should  develop  great 
speed  in  passing  from  station  to  station  and  in  placing  the  boat 

so  that  the  signal  flag  is  immediately  over  the  proper  meter 
point. 

The  location  of  the  points  on  shore  at  which  the  cables  are 
made  fast  is  of  the  utmost  importance.  If  they  are  too  far  up¬ 
stream  the  boat  cannot  be  made  to  cover  the  entire  cross-section 
and  if  they  are  too  far  downstream  the  cables  may  snap.  They 
should  be  made  fast  at  such  an  elevation  that  they  will  not 


Fig.  12.  Twin  Sheaves  for  Shore  Cables. 

drag  in  the  current.  On  a  stream  700  feet  wide,  25  feet  deep 
and  having  a  current  of  about  8  feet  per  second  at  all  points, 
the  cables  were  led  up-stream  about  65  feet  from  the  gauging 
section  and  made  fast  40  feet  above  t he  water  in  order  to  hold 
the  32-foot  ferry  scow  shown  in  the  illustration.  The  cables 
run  through  Siamese  twin  sheaves  pivoted  through  the  articu¬ 
lation  to  the  top  of  the  king  post  which  has  already  been  men¬ 
tioned.  These  sheaves  are  an  important  little  item  and  are 
illustrated  in  Fig.  12.  It  is  clear  that  the  cables  should  be  as 
small  as  strength  will  safely  permit.  In  the  case  cited  T8ff  inch, 
7-strand,  steel  cables  were  employed. 

In  order  to  manipulate  the  sounding  rods  or  to  hold  the 
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meter,  or  Pitot  tube,  it  is  necessary,  in  swift  water,  to  guy  the 
rods  from  the  bowsprit  which  is  shown  in  Figure  11  projecting 
out  over  the  water  ahead  of  the  scow.  The  guy  for  this  purpose 
is  reeved  through  the  small  pulley  at  the  end  of  the  bowsprit  and 

can  he  handled  and  adjusted  from  the  boat. 

After  taking  several  days  to  equip  the  boat,  to  arrange 
handy  fastenings  for  the  cables  to  high  trees  on  either  shore 
and  to  make  other  necessary  preparations,  the  cables  were 
stretched  across  the  channel  in  a  terrific  down-stream  wind 
velocities  were  taken  at  120  meter  points  distributed  among  27 
stations  together  with  the  soundings  at  the  stations,  and  the 
cables  then  removed,  all  in  a  single  day.  The  wind,  of  course, 
greatly  hampered  all  maneuvers. 


APPENDIX 

THE  CHEMICAL  METHOD  OF  TESTING  TURBINES 

Owing  to  the  large  amounts  of  money  which  have  recently 
become  dependent  upon  the  results  of  hydraulic  turbine  tests 
and  to  the  fact  that  most  of  the  tests  which  have  been  executed 
in  the  past  are  to  be  looked  upon  with  more  or  less  suspicion 
it  is  important  to  examine  the  methods  and  instruments  which 
have  been  employed  in  such  tests.  The  volumes  of  water  to  be 
measured  being  relatively  large,  it  is  rare  that  the  discharge  can 
be  found  bv  direct  measurement.  Current  meters  and  Pitot, 
tubes  are  more  or  less  unreliable  unless  extraordinary  efforts 
and  expense  are  undertaken.  Weirs  are  scarcely  less  uncertain, 
even  where  the  conditions  are  favorable  to  their  use.  The  mov¬ 
ing  screen  seems  to  offer  many  advantages,  but,  like  the  weir,  its 
installation  for  temporary  testing  does  not  appeal  to  one  looking 
for  simple  means.  The  chemical  method,  when  fully  appreciated, 
will  appeal  to  any  one  as  being  very  simple  of  application,  at 
least  in  principle,  and  apparently  very  inexpensive.  Moreover, 
it  is  the  only  method  which  is  theoretically  exact  with  the  single 
exception  of  the  direct  method  of  measuring  the  volume  or 
weight  of  the  water.  It  further  appears  that  this  method  has 
been  applied  repeatedly  with  great  success  in  a  number  of  dit- 
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ferent  countries  and  for  various  purposes  but  is  scarcely  known 

in  America.  .  .  , 

The  chemical  method  of  measuring  discharge  is  mentioned 

by  Professor  Moody.  The  writer  is  now  preparing  to  test  a 
number  of  large  turbines  by  the  method  of  titrations :  has  made 
a  careful  study  of  the  literature  upon  the  subject ;  and  offers  the 
following  exposition  of  the  principles  involved  with  some  prac¬ 
tical  suggestions  applicable  to  large  units  operating  upon  low 

ti  ch  els 

The  chemical  method  seems  first  to  have  been  described  hv 
Schloesing  in  France  (1863),  afterwards  applied  by  Stromeyer 
in  England  (1896)  to  the  measurement  of  boiler  feed,  condens¬ 
ing  water  and  stream  discharge.  More  recently  it  has  been  ap¬ 
plied  by  Louis  to  the  gauging  of  turbulent  mountain  torrents 
in  the  Pyrenees  and  by  others  in  France  and  Germany  to  the 

discharge  of  turbines. 

In  view  of  these  facts  it  will  be  appropriate  to  otter  a  bnet 
description  of  the  methods  along  with  some  references  to  pub¬ 
lished  papers  upon  the  subject,  most  of  which  were  supplied  to 
the  writer  by  Abraham  Streiff,  Civil  and  Hydraulic  Engineer, 

Jackson,  Mich.* 

Perhaps  the  most  difficult  discharge  to  measure  is  that  of  a 
turbulent  mountain  stream.  Let  us  suppose,  therefore,  that  we 
select  the  up-stream,  or  dosing,  station  above  a  cataract,  or 
rapid,  where  the  thorough  mixture  of  the  chemical  will  be 
effected.  If  the  concentration  of  the  chemical  solution  employed 
be  C  grams  per  liter  of  water  and  the  solution  be  introduced  at 
the  dosing  station  at  the  rate  of  q  liters  per  second,  while  the 

*Th.  Schloesing  in  Comptes  Rendus  de  l’Academie  des  Sciences  de  Paris 
(186Jaugeages  par  Titrations,  par  M  A  Boucher,  ingenieur  et  AppUcation  de^L 
3“  PUniversitd^de  ^au^aifne.^6  Bulletin^^echnique  de  la  Suisse  Rom»de.  Nr. 

^Mesure  des  Debit  des  Cours  d’Eau  par  les  Methods  Chumques,  Le  Gc  me  i\  . 
LVIII,  No.  24,  p.  497  (1910-11). 

ProSdingf  of '’.h?  I^i.uUon  of  Ovil  Engineers  Vol.  CLX,  article  by  Stromeyer 
on  Gauging  Streams  by  Chemical  Means  (1904  b  .  .  .  99/;  /iqq£\ 

Transactions  of  the  Institution  of  Naval  Architects,  Vol.  37,  p.  226  (1896). 

Str°  Bulletin  No.  1,  Service  Hydrographique  National  Suisse,  par  Dr.  Leon  Collet. 

direGeaugingesn.reams3by  Chemical  Means,  Engineering  News  Dec.  1 4.  >?«• 

Measuring  Turbine  Discharges  with  Salt  Solutions,  by  Abraham  Stre.ff,  F,n- 

gineering  Record,  Jan.  31,  1914. 
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chemical  analyses  of  samples  of  water  taken  above  the  dosing 
station,  and  at  the  sampling  station  below  the  rapid,  give  con¬ 
centrations  of  c1  and  c2  respectively,  then  it  is  clear  that  the  dis¬ 
charge  of  the  mountain  torrent  must  be 


Q  = 


c  — 


c. 


C2  C1 


q- 


(18) 


if  we  wish  to  be  very  particular,  as  in  the  case  of  measuring 
the  discharge  of  a  turbine,  and  if  the  dosing  station  be  above 
while  the  sampling  station  be  below  the  point  at  which  the  dis¬ 
charge  is  to  be  ascertained  we  easily  deduce 


/ii  V  —  ci 

Q  +  Q  “  -Ct  _  e\  9 . (19) 

If  the  water  be  initially  free  from  the  chemical  which  is 
introduced  at  the  dosing  station,  the  analysis  would  show  that 
Ci  =  0.  Hence  the  discharge  would  be  given  by 


But,  if  the  discharge  at  the  sampling  station  is  required 
and  there  be  none  of  the  chemical  initially  present,  the  formula 
would  become 

C 

Q  +  q  =  —q,  cL  =  0 . (21) 

Co 


In  order  to  have  a  satisfactory  analysis,  there  must  be  suf¬ 
ficient  of  the  reagent  present  to  give  the  required  degree  of 
precision.  Thus,  if  the  measurement  is  to  give  the  discharge 
with  a  permissible  error  of  about  one  percent,  and  the  balance 
employed  in  the  gravimetric  analysis  will  turn  for  one-tenth 
part  of  a  milligram,  then  the  sample  taken  at  the  sampling  sta¬ 
tion  should  contain  at  least  10  mgr.  of  the  chemical  introduced 
at  the  dosing  station.  That  is,  at  least  10  mgr.  more  than  the 
stream  contains  initially.  It  is,  therefore,  necessary  to  deter¬ 
mine  the  quantity  of  solution  to  be  introduced  at  the  dosing 
station.  The  rate  of  dosing  in  liters  per  second  is  given  by 

q  =  ~c=t2  « . (22) 

fThis  equation  results  simply  from  the  consideration  that  the  total  quantity 
of  chemical  passing  the  dosing  station  must  equal  that  passing  the  sampling  station 
below. 

Thus  Qcx  +  qC  =  (Q  +  q)  c2 

This  involves  a  minute  error  by  imposing  the  equality  of  q  on  the  left  to  q 
on  the  right.  In  most  cases  q  on  the  right  may  be  taken  =  0. 
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If  we  know  in  advance  the  approximate  discharge  and  troin 
a  preliminary  analysis  the  value  of  c„  then  the  necessary  con¬ 
centration,  c2,  determines  the  value  of  q  in  Equation  22.  1  he 

concentration,  C,  is  arbitrary  up  to  the  point  of  saturation. 

Suppose,  for  example,  that  it  is  desired  to  determine  the 
rate  of  dosing  when  the  approximate  discharge  is  50  cu  no 
meters  per  second,  that  is,  50  000  liters  per  second,  and  the 
dose  is  a  saturated  solution  of  sodium  chloride,  containing  di¬ 
grams  of  salt  per  liter.  Then,  if  the  water  contains  no  salt 
initially  and  it  is  desired  to  have  1  mgr.  of  salt  in  each  liter  ot 
sample  we  shall  have  Ci  =  0.001,  Ci  =  0,  C  3  1~  and  Q 
50  000  or 

n  __  ^  50  000  =  0.16  liters  per  sec.  by  equation  22. 

q  311.999 

If,  however,  the  sample  is  treated  with  a  precipitating  ie- 
agent,  ’the  equivalent  weight  of  the  precipitate  must  be  intro¬ 
duced  in  the  equation.  Let  p  be  the  equivalent  weight  ot  the 
precipitate  per  gram  of  the  dosing  chemical.  Then  Formula 

22  becomes 

Ci  V 


(23) 


Here  r  is  the  ratio  of  the  weight,  P,  of  the  precipitate  per 
liter  of  sample  to  the  equivalent  weight,  p,  of  precipitate  per 
gram  of  dosing  chemical.  If  ct  =  0,  the  equation  may  be  put  in 

the  form 

. (2j> 

~r  1 

These  equations,  consequently,  take  the  same  form  as  equa¬ 
tion  22  when  the  equivalent  weights  of  the  participating  reagent 
are  employed  in  place  of  the  weights,  clf  c2,  and  C,  of  the  dos¬ 
ing  chemical,  as  might  have  been  anticipated. 

Suppose  it  be  required  to  determine  the  rate  ol  dosing  and 
the  total  amount  of  salt  for  a  test  of  an  hour’s  duration  in  the 
case  of  the  stream  above,  where  the  discharge  is  known  to  be 
approximately  50  cubic  meters  per  second  and  the  sample  is  to 
be  treated  with  silver  nitrate,  a  common  reagent  for  this  pur¬ 
pose.  Let  it  further  be  required  that  the  samples  should  con- 
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tain  1-mgr.  of  precipitate  per  liter.  This  precipitate  will  be 
silver  chloride.  In  order  to  determine  the  equivalent  weight,  p, 
of  silver  chloride  per  gram  of  sodium  chloride  it  is  necessary- 
only  to  observe  that  a  molecule  of  salt,  NaCl,  precipitates  a  mole¬ 
cule  of  silver  chloride,  AgCl.  The  atomic  weights  of  the  ele¬ 
ments  involved  are : 

Na  =  23.0  Sodium 
Cl  =  35.5  Chlorine 
Ag  =  107.9  Silver 

Therefore 

molecular  wt.  of  AgCl  107.9  4-  35.5 

■  1  — _ i _ ^ _  -  i  _  OAK 

molecular  wt.  of  NaCl  23.0  +  35.5  4  0 

Therefore 

r  =  P  -f-  p  =  0.001  -r-  2.45 •=  0.000408,  and 

9  — { 1  {765  000  —  1)}Q  =50  000^-  764  999  =  0.0655 

liters  per  sec. 

There  are  3600  seconds  in  one  hour.  Hence  the  total  number  of 
liters  of  dosing  solution  required  for  the  test  is  3600  X  0.0655  = 
236,  and  since  each  liter  contains  312  grams  of  salt  there  will  be 
required  a  total  of  236  X  312  =  73  700  grams,  or  73.7  kilos  of 
salt.  These  results  are  obtained  with  the  aid  of  equation  24, 
which,  in  many  cases,  gives  practically  the  same  rate  as  equa¬ 
tion  23.  If  it  is  desired  to  have  the  samples  contain  10-mgr. 
instead  of  1-mgr.  it  is  clear  that  about  ten  times  as  much  chemi¬ 
cal  will  be  required,  etc. 

There  are  many  other  chemicals  and  reagents  which  may 
be  employed  for  chemical  gauging  some  of  -which  are  specifically 
mentioned  in  the  paper  by  Stromeyer  on  k£  Gauging  Streams  by 
Chemical  Means”,  previously  referred  to. 

A  milligram  of  precipitate  per  liter  of  water  is  very  little. 
When  the  solution  is  very  dilute  resort  may  be  had  to  evapora¬ 
tion  when  it  is  impracticable  to  increase  the  rate  of  dosing 
above  a  certain  amount.  The  rate  of  dosing,  of  course,  should 
be  as  high  as  possible.  So  far  as  the  chemical  test  is  concerned, 
however,  evaporation  has  the  same  effect  as  increasing  the  rate 
of  dosing. 

The  volumetric  method  appears  to  the  writer  to  be  more 
expeditious  and  better  adapted  to  the  convenience  of  the  engi- 
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neer  The  general  principle  of  this  method  is  that  it  a  known 
volume  of  sample  requires  a  certain  volume  of  standard  solu¬ 
tion  containing  a  given  weight  of  reagent  per  unit  volume  in 
order  completely  to  reduce  the  dosing  chemical  m  the  sample, 
then  the  concentration  of  the  dosing  chemical  in  the  sample 
can  be  calculated.  The  end  of  the  reaction  is  sometimes  ascer¬ 
tained  by  noticing  a  characteristic  change  in  color  or  by  having 
an  indicator  present.  For  example,  if  common  salt  be  prec.pi  at- 
ed  with  silver  nitrate,  the  indicator  may  be  chromate  ot  potas- 
slum  While  the  reaction  proceeds  a  white  precipitate  ot  si  ver 
chloride  continues  to  form;  but  the  least  excess  of  silver  nitrate 
reacts  upon  the  potassium  chromate  to  form  a  very  intense 
brick-red  precipitate  of  silver  chromate.  The  end  ot  the  rt 
action  may  thus  be  determined  with  nicety. 

In  addition  to  the  notation  already  adopted  let 

Cs  _  the  concentration  of  the  reagent  in  the  standard  solu- 
ti0n oinirXmTint!bic"metrers  of  the  standard  solution 

in,  .»•  of  «.  sample 

treated  with  the  standard  solution.  f  th 

e  =  equivalent  of  the  dosing  chemical  per  gram  ot  the 

chemical  in  the  standard  solution;  i.  e.,  the  ratio  of  tle  moc- 
cular  weight  of  the  dosing  chemical  to  the  molecular  "eight 
the  chemical  in  the  standard  solution. 

In  the  formulas  the  subscripts  n  2>  3>  employed 

relating  to  corresponding  quantities  with  like  subscripts. 

With  this  notation,  therefore,  it  is  easy  to  show  that 


Co  = 


c,  — 


v2cse  . (25) 


ViCse  . (261 

. 


Consequently  that 


q  U  2C  s  € 


Q  = 


v2c*e 

Vo 


v,cse 

V t 


(27) 


If  all  samples  are  rigidly  limited  to  the  unit  volume,  or 
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if  the  reactions  are  reduced  by  calculation  to  unit  volume,  then 
^1  =  ^2  =  2,  and  the  following  formulas  result- 

C 

r>  cse  V 2 

Q  =  ~i2-Vl  q ’  V^==V2  =  1 . (28) 

C 

+  ‘g.  V,  =  F2  =  J . (29) 

Q  =  (C  -T-  V2Cse  —  1)  q  Cjr=  0 . (30) 

Q  +  <2  =  (<?  02cse)  q  Ci=0 . (31) 

If  the  standard  solution  is  silver  nitrate,  AgN03,  and  the 
dosing  chemical  sodium  chloride,  NaCl,  we  shall  have  for  the 
atomic  weights,  in  addition  to  those  already  employed,  oxygen 

=  0  =  16  and  nitrogen  =  N  =  14.01.  The  ratio  of  the  mole¬ 
cular  weights  is  then 

.  / 

g  _  NciC '  l  _  23.0  — j—  35.46  58.46 

~  AgNO 3  “  107.88  +  14.01  +  48.00  =  169^9^  °’344 

Within  the  reciprocal  of  this  ratio  it  is  easy  to  calculate  a 
degree  of  concentration  for  the  standard  solution  which  will 
greatly  facilitate  the  determination  of  the  concentrations  in  the 
"various  samples  by  titration.  In  the  case  of  the  chemicals  men¬ 
tioned  above  the  reciprocal  is : 

Equivalent  of  the  standard  chemical  |  _  1  _ 

per  gram  of  dosing  chemical  f  ~  ~e~  ~ 

• _  • 

Thus,  in  the  case  of  silver  nitrate  and  salt,  if  each  liter  of 
standard  contain  2.91  grams  (or  milligrams)  of  nitrate,  then 
for  each  liter  of  standard  consumed  in  titration  up  to  the  end 
reaction,  there  will  be  one  gram  (or  one  milligram)  of  salt  pres¬ 
ent  in  the  sample.  It  is  merely  necessary  then  to  note  the 
number  of  cm3  of  standard  consumed  in  the  titration  and  treat 
this  number  as  expressing,  in  thousandths  of  the  unit  chosen, 
the  weight  of  the  dosing  chemical  contained  in  the  sample.  In 
other  words  the  concentration  of  the  standard  solution  mav  be 
so  adjusted  that  the  volume  of  the  standard  consumed  is  numeri¬ 
cally  equal  to  the  weight  of  the  chemical  to  be  determined. 

M.  Ch.  Louis,  an  engineer  in  Hautes-Pyrenees,  has  employed 
the  volumetric  method  with  success  upon  the  mountain  tor- 
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rents  of  that  region.  It  is  stated  that,  in  such  cases,  it  is  easy 
to  treat  solutions  containing  about  one  centigram  o  munm 
salt  per  liter  without  being  an  experienced  chemist. 

In  applying  the  method  there  are  various  sources  of  error 

which  must  he  eliminated  before  a  high  degree  of  precismn  is 
attainable.  There  may  he  present  in  the  stream,  ini  m  >> 
chemicals  which  are  reduced  by  the  standard,  or  the  .losing 
chemical  may  be  affected  by  them.  There  may  be  mineral 
springs  feeding  the  stream  between  the  upper  am  ou  <  ■  s  a 
tions.  There  may  be  additions,  or  abstractions,  of  wate  « 
chemical,  at  various  points  between  the  stations.  The  natural 
salinity  of  the  stream  may  be  variable.  The  indicator  employed 
in  the  samples  may  act  upon  the  standard  chemical,  which  is 
the  case  to  a  slight  extent  where  chromate  of  potassium  am 

silver  nitrate  are  employed. 

It  must  not  be  supposed,  therefore,  that  such  ratios  as  j 
and  «  can  be  correctly  deduced  for  practical  cases  from  the 
atomic  weights  of  the  simple  elements.  In  any  praetica  case 
the  chemicals  employed  for  dosing  the  water,  as  well  as  the  re¬ 
agents,  are  not  likely  to  be  chemically  pure.  Hence  these  values 
must  be  determined  from  the  results  of  carefully  executed 
tests  where  precision  is  necessary,  or  what  is  the  same  thing, 
methods  must  be  adopted  which  will  eliminate  the  errors. 

A  procedure  very  simple  in  principle  has  been  suggested  >> 
M.  Louis.  To  each  sample  of  exactly  one  liter,  add  1-cm  0  tie 
bichromate  of  potassium  solution  containing  5-grams  per  iter, 
shake  and  add  silver  nitrate  solution  until  the  persistent  red 
color  appears.  Let  it  be  supposed  that  v ,  —  cm3  is  the  volume 
added,  and  that  q  was  the  rate  of  dosing  at  the  upper  sta  ion. 
Then  take  q  —  cm3  of  the  dosing  solution  and  dilute  with  a 
sufficient  volume  of  the  natural  river  water  to  cause  Miter  o 
the  resulting  solution  to  react  under  the  same  conditions  as  did 
the  sample  taken  from  below.  That  is  to  say,  so  as  to  require 
„  _  cm3  of  the  silver  nitrate  solution  to  give  the  same  red  color 
as  before  If  it  be  found  necessary  to  add  Q  liters  of  the  natura 
river  water  to  get  the  foregoing  reaction,  the  required  discharge 
will  be  Q  liters  per  second. 

It  is  not  necessary  in  the  dilution  test  above  to  emp  oy  u 
same  quantities,  Q  and  q,  as  when  dosing  the  stream.  It  is 
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only  needful  to  have  them  relatively  the  same.  Thus,  if  Q1  and 
q  are,  respectively,  the  quantity  of  natural  river  water  and  the 
quantity  of  dosing  solution  which  have  to  be  mixed  to  produce 
the  same  reaction  observed  when  treating  the  sample  taken  from 
the  sampling  station  we  should  have  Q  :  q  =  Q1  ;  in  which 
proportion  all  quantities  are  known  except  Q. 

If  we  have  accurate  subsidiary  chemical  analyses  to  deter¬ 
mine  the  values  e  and  e1  in  the  cases  of  the  tests  of  the  samples 
taken  from  the  sampling  station  and  also  of  the  diluted  samples 
made  up  from  the  natural  river  water  and  the  dosing  solution, 
we  may  write  the  following  equations : 

Qci  +  qC  =  (Q  +  q)  Csve . (32) 

Qx°i  +  qxC  =  ( Q 1  -f  q1)  Csv1ex  . (33) 

Here  v  and  v1  are  the  respective  volumes  of  the  standard 
solution  consumed  by  the  samples  from  the  sampling  station 
and  the  dilution  described  above.  If  c±  be  eliminated  from  these 
equations,  either  of  the  two  following  equations  may  be  obtained : 

qQ 1  (C  —  cs  ve) 


Q  = 
Q  +  q  = 


q  (C  c&vxex)  -j-  Qlcs  (ve  —  v1e1) 
C1  (Q1  4~  Q1)  (C  - —  csv1e1) 


•(34) 

(35) 


ql  (C  —  c^e1)  +  Q'cs  (ve  —  v1e1) 

If,  instead  .of  the  accurate  analyses  for  e  and  e1,  the  pro¬ 
cedure  recommended  by  M.  Louis  be  adopted,  we  should  have 

v  =  vx  and  consequently  e  =  e1.  Hence  ve  =  v'e1 .  and  there 
results 

Q  =  Q1  (q  91),  ve  =  t'V . (36) 

Q  +  1  =  (Q'  +  q1)  ( q  -f-  q 1),  ve  =  v'e1 . (37) 

as  was  anticipated  above. 

In  case  cx  —  0,  equations  32  and  33  furnish  at  once 
Q  +  q  =  (Q1  +  q1)  (qv'e1  ~  q've),  c3  ==  0...( 38) 

M.  Louis  has  made  the  following  test  comparisons : 
Discharges  by  weir,  Bazin  formula  592  : 381  :  :  266  : 109 

Discharge  by  chemical  method  592  :  394  :  :  270  :111 

In  the  case  of  the  weir  the  aggregate  was  1348  while  in  the 
case  of  the  chemical  method  it  was  1367.  The  relative  discrep¬ 
ancy  is,  therefore,  about  iy2  percent. 
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The  method  devised  by  Dr.  Mellet  of  the  University  of 
Lausanne,  previously  cited,  appeals  to  the  writer  as  the  one 
most  likely  to  eliminate  errors  and  give  exact  results.  It  is 
particularly  applicable  to  turbine  testing.  A  brief  synopsis  of 
the  method  follows : 

It  has  already  been  explained  that  chemical  reactions  may 
take  place  subsidiary  to  those  between  the  principal  chemicals 
present  in  the  solutions  treated.  In  particular  a  certain  excess 
of  nitrate  of  silver  is  necessary  to  act  upon  the  indicator  pro¬ 
ducing  the  change  in  color  which  attends  the  end  of  the  reaction. 
After  an  extended  research  concerning  the  chemistry  of  very 
dilute  solutions,  Dr.  Mellet  announces  that  this  excess  is  propor¬ 
tional  to : 

First :  The  total  volume  of  solution. 

Second:  The  total  cpiantity  of  precipitate  which  remains 
suspended  in  the  solution  for  a  longer  or  shorter  period  of  time. 

Third:  The  total  quantity  of  indicator  (potassium  chro¬ 
mate)  present. 

It  follows  that,  if  we  reduce  the  samples  approximately  to 
the  same  volume  and  approximately  to  the  same  concentration 
and  at  the  same  time  keep  the  quantity  of  indicator  proportional 
to  the  volume  of  the  standard  employed  the  excess  of  the 
standard  required  in  any  case  will  be  proportional  to  the  total 
quantity  of  standard  consumed. 

If  x  be  the  relative  amount  of  the  excess  required  with  ref¬ 
erence  to  the  total  quantity  of  standard  necessary  for  the  titra¬ 
tion,  then  the  method  described  above  for  treating  several  solu¬ 
tions  will  cause  x  to  be  a  constant  ratio  in  all  the  titrations, 
supposing,  of  course,  that  the  same  standard  solution  be  employ¬ 
ed  in  all. 

Recurring  to  formula  18,  it  will  be  seen  that  if  the  three 
concentrations  C,  cx  and  c2  can  be  determined,  t lie  discharge  Q 
may  be  found  when  the  rate,  q,  of  injecting  the  dosing  solution 
is  kept  rigidly  constant  at  some  previously  determined  value. 
It  is  further  clear,  that  if  all  three  solutions  be  titrated  subject 
to  Dr.  Mellet ’s  rules,  the  excess  of  silver  nitrate  required  to  act 
•  upon  the  indicator  in  each  solution  will  be  proportional  to  the 
volume  of  the  standard  solution  introduced.  If  v0,  v,,  Vg,  re- 
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spectively,  be  the  volumes  of  the  standard  required  per  liter  of 
the  three  solutions  having  the  concentrations  C,  clf  c2,  then  we 
shall  have 

C  =  v0  {1  —  x)  cse 
c1  =v1  ( l  —  x)  csc 
c2  =  Vi  (1  —  x)  cse 

If  these  values  of  the  concentrations  be  substituted  in 
formulas  18  and  19  we  shall  have,  after  cancelling  the  common 
factor,  ( 1  —  x)  cse 

v0-v^  . (39) 

V2  —  V1 

or 

Q  +  q==^LlZll  q . (40) 

—  vt 

These  formulas  show  that,  by  adopting  Dr.  Mellet’s  method, 
we  have  eliminated  all  quantities  except  the  volumes  of  the 
standard  solution  consumed  in  the  three  titrations  and  the  rate 
of  injecting  the  dosing  solution.  In  short,  it  is  not  even  neces¬ 
sary,  by  this  method,  to  know  the  concentration  of  any  of  the 
solutions  including  that  of  the  standard.  Neither  is  it  neces¬ 
sary  to  determine,  or  to  subtract  from  the  volumes  of  the  stand¬ 
ard,  the  excess  of  silver  nitrate  required  to  act  upon  the  indi¬ 
cator,  this  having  been  eliminated  by  cancellation. 

In  order  to  illustrate  the  process,  Dr.  Mellet  has  given  the 
results  of  an  actual  test  upon  a  turbine  of  the  Day  power  plant 
at  Yallorbe,  as  follows: 

The  dosing  solution  was  introduced  into  the  turbine  at  the 
rate  of  q  =  0.1211  liters  per  second.  This  solution  and  the 
normal  feed  water  of  the  turbine  were  sampled  before  the  test. 
At  the  end  of  the  6th  and  9th  minutes  of  the  test  samples  were 
taken  from  the  tail  race. 

Ten  cubic  centimeters  of  the  dosing  solution  were  diluted  to 
one  liter  and  10-cm3  of  this  liter  taken  for  titration.  It  required 
35.5  cm 3  of  silver  solution,  or  v 0  ==  355  000. 

One  liter  of  the  normal  feed  water  was  reduced  by  evapora¬ 
tion  to  10-cm3  and  this  required  3.8-cm3  of  the  silver  solution  or 
tq  =  3.8. 

Dr.  Mellet  determines  the  size  of  the  tail  race  samples  so 
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that,  when  they  are  reduced  by  evaporation  to  10-cm3,  they  will 
each  contain  approximately  the  same  quantity  of  dosing  chemical 
as  did  the  10-cm3  from  the  diluted  liter  of  dosing  solution  which 
was,  conveniently,  1/10000  of  the  quantity  of  chemical  in  one 
liter  of  dosing  solution.  If  the  discharge  of  the  turbine  is  rough¬ 
ly  estimated,  and  each  tail  race  sample  be  of  such  a  size  that  it 
contains  as  many  cm3  as  there  are  liters  per  second  of  discharge, 
and  if  the  rate  of  injecting  dosing  chemical  be  about  1-decaliter 
per  second,  the  tail  race  samples  will  be  properly  proportioned 
in  accord  with  the  principles  explained. 

A  rough  estimate  of  the  discharge  of  the  turbine  in¬ 
dicated  that  it  was  from  100  to  300  liters  per  second.  Hence, 
following  Dr.  Mellet,  the  tail  race  samples  should  contain  from 
100  to  300-cm3  each. 

Sample  No.  1,  taken  at  the  end  of  the  sixth  minute  con¬ 
tained  200 -cm3  and,  when  evaporated  to  10  -cm3,  required 

33.5 - cm3  of  the  silver  solution,  which  corresponds,  therefore,  to 

167.5- cm3  per  liter,  or,  v2  =  167.5. 

Sample  No.  2,  taken  at  the  end  of  the  ninth  minute,  con¬ 
tained  150-cm3  and,  when  evaporated  to  10-cm3,  required 
25.15-cm3  of  silver  solution,  or,  vg  =  167.67. 

These  values  might  now  be  substituted  in  Formula  39  or 
Formula  40  according  to  the  circumstances  of  the  test,  but  Dr. 
Mellet  makes  the  calculation  very  simply  and  with  sufficient 
exactness  as  follows : 

Sample  No.  1.  Q  —  0.1211  — 3-?l??9  —0.1211  =  262.4965 

16/.5  —  o.a 

liters  per  sec. 

Sample  No.  2.  Q  =  0.1211  rJ.0™°° -2,  ~  01211  =  262.2211 

167.67  — J. 8  liters  per  sec 

These  values  differ  by  about  0.1  percent  which  is  about  the 
limit  of  error  mentioned  by  Dr.  Mellet  for  such  a  case. 

In  order  to  carry  out  such  a  test  successfully,  one  should 
be  thoroughly  acquainted  with  the  details  of  the  process  as  set 
forth  in  Dr.  Mellet ’s  valuable  paper.  However,  the  following 
directions  for  conducting  the  titrations  and  evaporations  may  be 
of  interest  to  the  engineer. 
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The  dosing  solution  is  diluted  in  such  a  manner,  that  10-cm3 
will  contain  several  centigrams  of  the  salt. 

One  liter  of  the  normal  feed  water  is  evaporated  in  a  proce- 
lain  casserole  10-cm  in  diameter,  into  which  the  liquid  is  poured 
by  degrees  as  fast  as  it  evaporates.  This  evaporation  to  10-cm3 
takes  place  in  a  bain-marie. 

The  sample  from  the  tail  race  or  lower  sampling  station  is 
evaporated  in  the  same  manner  to  approximately  the  same 
volume,  the  volume  of  the  sample  being  so  taken  that  we  shall 
have  several  centigrams  of  the  salt  to  titrate. 

The  titration  takes  place  in  a  porcelain  casserole,  (for  the 
solutions  evaporated,  in  the  same  casserole  which  has  served  for 
the  evaporation).  To  10-cm3  of  the  liquid  to  be  titrated  first 
add  2-drops  of  the  chromate  solution,  then  introduce  slowly  the 
silver  solution  from  the  burette.  If  the  proper  tint  does  not 
appear  after  the  addition  of  10-cm3  of  this  solution  ,add  a  drop 
of  the  chromate,  and  continue  the  titration,  and  so  on,  until  the 
color  does  change.  This  titration  takes  place  beside  a  second 
casserole  of  the  same  size,  containing  the  liquid  for  comparison. 
This  latter  is  prepared  at  the  moment  needed,  writh  10-cm3  of 
chloride  of  sodium  solution  2-drops  of  chromate  and  9-cm3 
of  silver  solution. 

One  of  the  most  important  questions  for  the  engineer  to 
determine  is  the  method  for  effecting  a  perfect  mixture  of  the 
dosing  solution  with  the  water  of  the  stream  to  be  gauged.  In 
the  case  of  mountain  torrents  the  question  is  comparatively 
clear.  In  the  case  of  bioad  sluggish  rivers  it  is  quite  the  reverse. 
It  is  also  easy  to  see  that,  in  the  case  of  turbine  testing,  there 
may,  or  may  not  be,  serious  difficulties.  In  the  case  of  a  single 
runner  discharging  into  a  long  tail  race,  where  there  is  ample 
opportunity  for  the  mixture  to  be  effected,  it  would  seem  no  ser¬ 
ious  trouble  should  be  anticipated.  In  the  case  of  a  single  one 
of  several  units  taking  water  from  a  single  flume,  each  being 
driven  by  several  runners  connected  to  the  same  shaft  it  may 
prove  very  difficult  to  secure  the  same  degree  of  concentration 
for  all  of  the  runners  of  the  unit  being  tested. 

The  course  recommended  by  the  writer  in  the  latter  case  is 
to  make  use  of  current  meters  in  a  preliminary  test  to  determine 
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the  distribution  of  velocities  in  the  forebay  of  the  unit  to  be 
tested.  By  sub-dividing  the  cross  section  into  a  sufficient  num¬ 
ber  of  partial  areas  of  equal  discharge  and  by  dividing  the  uni¬ 
formly  flowing  stream  of  dosing  chemical  equally  among  these 
partial  areas,  the  rapidity  of  mixing  may  be  greatly  accelerated. 
A  further  aid  is  to  employ  a  centrifugal  pump  for  performing  a 
part  of  the  mixing.  The  pump  takes  its  water  from  the  forebay 
above  the  point  where  its  discharge  is  equally  divided  among  the 
partial  areas  of  equal  discharge.  The  dosing  chemical  is  fed  to 
the  pump  through  a  pipe  connected  to  the  suction.  It  is  clear 
that  the  pump  must  run  at  a  perfectly  uniform  rate  and  that 
every  effort  must  be  made  to  have  its  discharge  equally  divided 
among  the  partial  areas.  The  dosing  chemical  must  be  fed  at  a 
►uniform  rate  as  in  all  other  cases.  All  the  details  of  this  method 
will  depend  upon  circumstances  and  success  will  follow  only 
upon  the  exercise  of  good  judgment  and  substantial  engineering 
skill. 

If  the  discharge,  Q,  equations  19  and  40,  is  practically  con¬ 
stant,  it  must  follow  that  Q  +  Q  is  practically  constant  also, 
since  q  has  been  assumed  constant.  In  this  case  q  need  not  be 
maintained  rigidly  constant  so  long  as  it  is  small  relatively  to  Q. 
Thus,  if  Q  is  50  000  liters  per  sec.  and  q  is  5  liters  per  second, 
of  a  concentration  of  250  grams  per  liter,  then  q  may  be  altered 
to  10-liters  per  second  without  altering  (Q  -f-  q)  by  more  than 
5  -f-  50  000;  that  is  by  more  than  1/100  percent,  which  is  negli¬ 
gible  in  tests  of  1/10  percent  precision. 

Therefore,  in  the  case  considered,  q  may  vary  between  the 
limits  5  and  10  liters  per  second,  that  is  by  100  percent,  without 
affecting  the  results,  provided  an  average  sample  from  the  tail 
race  be  taken  and  the  simultaneous  total  volume  of  salt  solution 
injected  during  the  test  be  observed. 

Thus  in  the  case  of  constant,  or  nearly  constant ,  turbine 
discharge,  the  constant  head  device  may  be  omitted.  But  a  con¬ 
tinuous  sample  should  be  taken  from  the  tail  race  at  a  prac¬ 
tically  constant  rate.  The  total  volume  of  salt  solution  con¬ 
sumed  may  then  be  read  from  a  calibrated  scale  on  the  side  of 
the  salt-solution  tank  while  a  liter  of  the  continuous  sample,  or 
samples,  from  the  tail  race  furnishes  the  average  sample  or 
samples,  as  the  case  may  be. 
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It  would  seem  that  the  best  method  of  introducing  the 
strong  salt  solution  would  be  by  means  of  a  system  of  perforated 
pipes  in  the  head-race  connected  directly  to  the  salt-solution 
tank,  while  the  continuous  tail-race  sample  could  be  pumped  up 
from  a  similar  system  of  much  smaller,  say  yi-inch,  perforated 
pipes.  A  large  centrifugal  pump  might  be  employed,  as  already 
described,  while  a  smaller  one  agitates  the  strong  salt  solution 
or  pumps  the  dissolving  water  through  the  dissolving  box  before 
beginning  the  test. 

The  latter  remarks  apply  particularly  to  large  discharges. 
For  example :  If  Q  =  50  000  liters  per  second  it  would  require, 
at  0.03  grams  per  liter,  1.5 -Kg.  of  salt  per  second.  For  1-hour’s 
test  it  would  take  3600  X  1.5  =  5400  Kg.  or  nearly  6-tons  of 
salt.  If  50  tests  averaging,  say,  4-tons  of  salt  are  to  be  run,  it 
would  require  200  tons  of  salt,  which  would  cost  upwards  of 
$400,  freight  and  handling  not  included.  If  the  tests  can  be 
shortened  in  duration  a  corresponding  saving  can  be  effected. 

The  writer  sees  no  reason  why,  with  precise  chemical  and 
engineering  methods,  under  the  direction  of  a  skilled  engineer 
and  chemist,  it  would  not  he  possible  to  determine  the  discharge 
to  within  one-tenth,  or  even  one-hundredth,  of  a  percent  of  its 
true  value.  In  taking  samples  it  is  suggested  that  each  be 
large  enough  to  leave  a  liberal  residue,  after  the  first  chemical 
treatment,  for  any  subsequent  tests  which  may  prove  to  be  neces¬ 
sary.  This  precaution  may  save  the  necessity  of  repeating  a 
large  part  of  the  work. 

[The  discussions  of  these  papers  will  be  published  in  the  June, 
1914,  issue  of  the  Proceedings. — Editor.] 


[A  partial  Bibliography  on  Pitot  tubes  is  given  on  pages  381-383.] 
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v.  37,  p.  156-158).  .  .  f 
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Includes  brief  treatment  of  Pitot  tube,  with  formulas. 
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gases.  Problem  is  worked  out. 
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Mainly  a  discussion  of  formulas. 

Oliphant,  F.  H.  Production  of  natural  gas  in  1902-1904.  The  same,  condensed 
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Rowse,  W.  C.  Pitot  tubes  for  gas  measurement,  1913.  (In  Journal  of  the  American 
Society  of  Mechanical  Engineers,  September,  1913,  p.  1321-1380)  ....  .  , 
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DISCUSSION 

Mr.  Gardner  S.  Williams*:  In  reading  the  two  papers 
that  have  been  presented  tonight  there  are  one  or  two  cautions 
that  I  would  throw  out  to  start  with.  The  first  one  is  this, 
that  in  my  experience  with  Pitot  tubes  I  have  had  occasion  to 
rate  the  same  instruments  in  still  water  by  dragging  attached  to 
a  car,  and  also  to  test  them  in  running  water  where  the  water 
passing  the  instrument  is  determined  by  measurement.  I  have 
never  been  able  to  get  the  two  ratings  to  agree.  In  other 
words,  it  is  my  opinion  that  a  still  water  rating  of  a  Pitot  tube 
does  not  give  a  rating  that  we  would  get  with  the  same  instru¬ 
ment  if  it  were  rated  by  running  past  it  a  measured  quantity 
of  water.  I  suppose  the  reason  is  that  the  tube  passing  through 
still  water  drags  with  it  a  small  volume  that  does  not  show 
the  difference  in  pressure  between  the  tube  itself  and  the  sur¬ 
rounding  water;  whereas  in  running  water  the  vibrations  or 
pulsations  of  the  water  itself  tend  to  keep  the  instrument  from 
forming  such  an  envelope.  That,  of  course,  is  only  speculation 
and  it  may  be  entirely  wrong,  but  the  fact  remains. 

The  second  thing  I  would  suggest  is  that  1  am  not  ready 
yet  to  accept  the  high  degree  of  accuracy  which  the  papers  pre- 

*Profes$or  of  Hydraulic  Engineering,  Rensselaer  Polytechnic  Institute,  1  roy, 
N.  Y.;  Consulting  Engineer,  I.  P.  Morris  Company,  Philadelphia,  Pa. 

^Hydraulic  Engineer,  Oliver  Building,  Pittsburgh. 

^Consulting  Engineer,  Cornwell  Building,  Ann  Arbor,  Mich. 
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sented  might  lead  us  to  believe  was  to  be  obtained  by  either 
Pitot  tube  or  current  meter  measurements.  When  we  come  to 
think  that  in  gaugings  by  either  of  those  devices  there  is  occu¬ 
pied  at  the  very  best  perhaps  ten  percent  of  the  area  of  the 
stream  to  measure  its  velocity,  we  are  hardly  warranted  in  say¬ 
ing  that  we  know  enough  about  the  other  90  percent  of  the 
area  to  be  within  one  percent  of  the  actual  discharge. 

I  had  occasion  not  long  ago  to  have  a  Haskell  meter  rating 
made  under  somewhat  exceptional  conditions,  as  it  was  desired 
to  see  what  would  be  the  effect  of  turbulent  water.  A  quantity 
of  water  passing  down  the  experimental  canal  at  Cornell  Uni¬ 
versity  was  measured  over  a  weir,  and  was  then  measured  by  a 
current  meter  in  the  hands  of  Professors  Schoder  and  Turner 
of  the  instructing  staff  of  the  University.  There  were  some 
nine  gaugings  made  and  the  work  was  done  with  all  the  care 
with  which  those  gentlemen  were  familiar.  Professor  Turner 
had  been  in  the  employ  of  the  United  States  Lake  Survey  and 
had  participated  in  the  stream  gauging  work  on  the  St.  Mary’s 
River,  according  to  the  practice  of  the  United  States  Lake 
Survey,  which  represents  about  the  highest  type  of  current 
meter  work  that  has  ever  been  produced.  And  it  was  Mr. 
Turner’s  testimony,  under  oath  the  other  day,  that  the  methods 
at  Cornell  were  in  entire  harmony  with,  and  of  equal  accuracy 
as  far  as  manipulations  were  concerned,  to  those  of  the  United 
States  Lake  Survey,  with  which  he  was  familiar. 

The  results  of  those  investigations  showed  that  in  the  tur¬ 
bulent  water  which  existed  in  the  canal,  and  it  was  not  more 
turbulent  than  is  encountered  frequently  at  gauging  stations 
in  streams,  the  Haskell  meter  under-registered  in  the  extreme 
case  something  over  9  percent  and  in  all  cases  over  3  percent. 

Now  the  subject  which  these  gentlemen  have  taken  in  their 
papers  tonight  has  been  the  formulae  of  the  Pitot  tube.  It 
makes  very  little  difference  practically  what  that  formula  is : 
if  you  rate  your  tube  and  apply  either  of  the  so-called  equa¬ 
tions  to  it,  the  result  you  get  when  you  use  that  tube  and  apply 
that  rating  will  be  of  equal  accuracy  in  similar  conditions 
which  ever  formula  you  use.  But  here  is  something  to  think 
about.  The  Pitot  tube  elements  consist  of  two  parts,  an  orifice 
which  receives  the  impact  of  the  stream  and  the  orifice  which 


DISCUSSION — PITOT  TUBE  PAPERS  BY  MOODY  AND  GROAT  387 

transmits  the  pressure  at  some  point  in  the  stream.  The  differ¬ 
ence  between  the  two  is  that  from  which  the  velocity  of  the 
stream  is  computed.  It  is  assumed  that  the  impact  opening 
communicates  the  effect  of  the  impact  plus  the  pressure,  and 
that  the  pressure  opening  communicates  the  pressure,  the  differ¬ 
ence  between  the  two  being  the  effect  of  impact.  If  the  pres¬ 
sure  at  the  impact  orifice,  and  the  pressure  at  the  place  where 
that  pressure  is  measured  be  the  same,  then  the  deductions  as 
given  here  tonight  are  correct.  But  if  the  pressure  at  the  point 
of  the  instrument  and  the  pressure  where  the  pressure  orifice 
is  located  he  different,  then  their  deductions  are  not  so  ac¬ 
curate. 

In  dealing  with  a  closed  tube,  under  ordinary  conditions, 

the  velocity  at  the  center  is  at  least  twice  the  velocity  at  the 

wall,  as  nearly  as  we  are  able  to  measure.  That  does  not  apply 

near  the  entrance  of  the  pipe,  where  the  velocities  are  disturbed 

much  more  than  they  are  in  a  stream  of  water  after  it  has  flowed 

through  a  pipe  for  something  over  100  diameters,  when  you  can 

expect  that  the  velocity  at  the  center  will  be  to  the  velocity  at 

the  wall  in  about  the  ratio  I  have  stated.  By  that  I  mean 

the  velocity  as  near  the  wall  as  you  read  it,  which  is  really  not 

verv  near. 

•/ 

Bernoulli’s  theorem  states  that  the  sum  of  velocity  head, 
pressure  head  and  head  of  elevation  must  be  a  constant  in  any 
stream  line  if  friction  be  neglected.  And  conceiving  all  the 
water  at  a  certain  cross-section  of  a  pipe  to  be  deriving  its 
energy  from  the  same  head,  it  may  be  reasoned  that  where  the 
velocity  is  greatest  the  pressure  must  be  least  and  vice-versa. 
It  must  #be  manifest  that  this  does  not  hold  rigidly  in  naturally 
flowing  'water  on  account  of  the  influence  of  oblique  currents, 
etc.  Some  years  ago  I  undertook  to  obtain  some  light  on  this 
subject  experimentally,  and  for  the  reason  that  I  have  never 
completed  my  experiments  they  have  never  been  published. 
I  left  Cornell  before  they  were  finished  and  since  that  time 
have  had  neither  time  nor  opportunity  to  go  on  with  this  work. 
But  at  Cornell  University  I  wTent  far  enough  to  satisfy  myself, 
at  least,  that  the  pressure  at  the  center  of  the  pipe  is  less  than 
it  is  at  the  wall. 

The  experiment  which  I  tried  was,  in  brief,  to  take  an 
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instrument  consisting  of  a  flat  plate,  having  an  orifice  connected 
with  a  small  tube,  and  starting  at  the  wall,  move  this  plate 
across  the  stream,  keeping  it  always  parallel  to  the  axis  of  the 
pipe.  I  found  that  at  the  wall  the  pressures  transmitted  through 
the  orifice  coincided  almost  exactly  with  those  indicated  on  the 
perforations  in  the  periphery  of  the  pipe  in  the  same  plane. 
As  the  orifice  passed  out  to  the  center,  the  pressure  appeared 
appreciably  less,  and  as  it  got  over  to  the  farther  side  the  pres¬ 
sure  came  back  nearly  to  that  indicated  by  the  peripheral  ori¬ 
fices. 

Time  is  too  short  to  go  into  the  details  of  those  experi¬ 
ments  but  I  simply  present  these  facts  for  the  thought  of  the 
gentlemen  here,  and  suggest  that,  if  at  the  point  of  the  in¬ 
strument,  Bernoulli’s  theorem  holds,  and  the  pressure  is  actually 
less  than  at  the  wall  by  the  amounts  of  the  difference  in  velocity 
heads,  then  it  follows  that  the  impact  opening  must  indicate 
something  considerably  greater  than  v2  H-  2g. 

If  you  take  a  Pitot  tube  point  for  the  impact  opening  and 
connect  it  with  orifices  in  the  wall  in  a  circular  pipe  under  nor¬ 
mal  conditions  of  flow,  the  diameter  when  traversed  will  give  a 
mean  velocity  corresponding  with  the  measured  mean  velocity 
of  the  water  within  something  less  than  2  percent  by  the  formula 
Ji  =  v2  2g.  The  traverse  will  usually  show  slightly  the  higher 
quantity.  In  other  words,  the  coefficient  of  the  instrument  will 
appear  to  be  a  little  less  than  unity.  And  as  to  that  98  percent 
referred  to  by  the  authors,  there  have  been  several  hundred 
traverses  made  by  myself  and  others  associated  with  me  which 
bear  out  their  statement.  There  is  no  question  about  that  part 
of  it.  But  even  that  does  not  prove  that  the  impact  opening 
transmits  v2  -f-  2g.  I  have  not  prepared  a  mathematical  equa¬ 
tion  or  a  mathematical  analysis  for  presentation  tonight,  but  in 
the  American  Civil  Engineers  Pocket  Book,  page  873,  you  will 
find  a  brief  discussion  of  the  Pitot  tube,  where  the  analysis  of 
this  problem,  as  I  see  it,  is  set  forth. 

Mr.  Edward  S.  Cole*  :  It  has  been  a  great  pleasure  to 
listen  to  the  two  very  able  papers  of  the  evening  particularly  as 
they  offer  convincing  evidence  of  an  increasing  interest  in  the 
Pitot  tube,  as  a  means  for  measuring  the  flow  of  water. 

♦Hydraulic  Engineer;  Manager,  The  Pitometer  Company,  220  Broadway,  New 
York. 
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In  1896,  under  the  direction  of  John  A.  Cole,  C.E.  of 
Chicago,  I  began,  at  Terre  Haute,  Ind.,  a  series  of  experiments 
with  the  Pitot  tube  in  order  to  produce  a  practicable  instrument 
based  upon  that  principle  for  use  in  gauging  the  flow  of  water 
in  the  street  mains  of  that  city. 

There  was  a  scarcity  of  information  available  at  that  time, 
and  what  little  I  could  find  was  not  encouraging — for  example, 
on  page  259  of  “Merrimans  Hydraulics”  (5th  Edition),  we 
read:  “ Pitot ’s  tube  has  been  but  little  used  and  is  generally 
regarded  as  an  imperfect  instrument  for  velocity  determina¬ 
tions.” 

Notwithstanding  this,  and  other  discouraging  statements, 
a  very  reliable  form  of  Pitot  tube  was  evolved  after  a  long  and 
costly  series  of  tests. 

We  soon  found  a  decided  advantage  in  the  use  of  the  du¬ 
plicate  orifice,  one  bent  up  stream  and  the  other  down  stream. 
Not  the  least  of  the  advantages  gained  was  reversibility  for 
check  readings  and  for  prevention  of  orifice  clogging. 

The  static  orifice  projecting  into  the  main,  with  its  ori¬ 
fice  plane  parallel  to  the  flow,  was  suggested  by  a  crude  sketch 
in  “Carpenter’s  Experimental  Engineering”  of  that  period,  and 
it  was  not  until  after  much  labor  that  this  form  was  seen  to  be 
hopelessly  unreliable.  On  turning  this  static  tube  into  a  down 
stream  curve,  our  troubles  were  at  an  end  so  far  as  uniform  in¬ 
dications  were  concerned. 

It  would  be  tiresome  to  describe  the  difficulties  of  those 
early  days  in  developing  a  method  which  now  appears  so  obvious 
and  simple.  Thus  a  suitable  manometer  for  registering  the 
difference  of  orifice  pressures  was  hard  to  find.  The  presence  of 
air  in  the  apparatus  was  a  stumbling  block.  The  use  of  a  heavier 
liquid,  such  as  carbon  tetrachloride,  immiscible  in  water  and  giv¬ 
ing  a  pre-determined  “differential”  action,  was  worked  out  in¬ 
dependently  and  was  novel  so  far  as  we  know. 

In  the  same  way  the  method  of  flow  computation,  depend¬ 
ing  on  a  velocity  “survey”  of  the  pipe  area  had  to  be  developed. 

The  conception  of  a  fixed  ratio  of  mean  to  center  velocity 
did  not  come  to  us  until  much  time  had  been  lost  in  vain  at¬ 
tempts  to  relate  the  center  velocity  to  pipe  diameter  and  dis¬ 
charge  direct.  The  varying  condition  of  the  pipe  wall,  of 
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course,  made  our  weir  measurements  of  flow  appear  inconsistent, 
and  at  last  we  saw  that  every  pipe  must  be  “surveyed’ *  or 
“traversed”  to  give  its  own  velocity  distribution.  The  ring 
method  of  integrating  flow  followed  in  due  course. 

Other  developments  such  as  the  Photo-Recorder  made  the 
instrument  more  complete  and  efficient.  For  our  form  of  Pitot 
tube  and  recorder,  we  coined  the  word  PITOMETER,  intending 
it  to  be  distinctive,  but  now  this  word  has  come  into  general 
use  and  seems  to  be  applied  to  Pitot  tubes  of  any  form. 

After  several  years,  we  found  that  others  had  been  working 
independently  in  the  field,  notably  Gardner  S.  Williams,  C.E., 
whom  we  have  with  us  this  evening.  His  tests  made  at  Detroit 
are  well  known. 

With  this  hasty  sketch  of  early  development  days,  you  may 
understand  the  pride  I  take  in  such  a  discussion  as  this,  proving 
that  my  early  faith  in  the  Pitot  tube  method  has  been  vindicated, 
and  after  constant  use  of  our  Pitometer  in  engineering  tests, 
covering  a  period  of  fifteen  years  in  upwards  of  eighty  cities,  I 
feel  qualified  to  speak  as  to  its  accuracy  and  value. 

Throughout  this  long  period,  thousands  of  Pitometer  gaug- 
ings  have  been  made  under  my  supervision  for  a  variety  of  pur¬ 
poses  and  in  pipes  of  all  sizes  from  the  4  in.  to  60  in.  cast  iron 
mains  of  city  water  works  distribution  systems  to  steel  penstocks, 
of  water  power  plants,  as  large  as  16  feet  in  diameter.  All  of 
this  work  has  been  done  under  conditions  requiring  the  highest 
attainable  degree  of  accuracy.  Often  large  sums  of  money  have 
depended  upon  Pitometer  gaugings,  as  in  the  case  of  a  large 
factory  found  stealing  water  to  the  extent  of  half  a  million  dol¬ 
lars.  Large  centrifugal  pumps  have  been  tested  for  fulfillment 
of  contract  conditions  as  to  the  capacity  and  efficiency,  some¬ 
times  requiring  new  runners  at  great  expense,  as  a  result  of  the 
Pitometer  gauging. 

Hundreds  of  pumping  engines  have  been  tested  for  net  dis¬ 
charge  and  here  the  requirements  have  been  unusually  severe. 
Often  the  “slip”  of  the  pump  has  been  called  in  question  and 
verified  by  other  means,  such  as  weir  or  reservoir  test,  but  after 
years  of  public  use  the  Pitot  tube  method  is  more  than  ever 
recognized  for  its  accuracy.  Hydraulic  laboratories  in  various 
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parts  of  the  United  States  are  now  equipped  to  make  calibration 
tests  of  Pitot  tubes  and  they  too  have  added  to  our  faith. 

In  view  of  exceptional  experience  in  this  line,  I  feel  quali¬ 
fied  to  make  one  criticism  of  Prof.  Groat’s  paper,  regarding  the 
degree  of  accuracy  attainable  with  Pitot  tube  or  Pitometer,  viz: 

I  cannot  believe  that  it  is  safe  to  claim  results  involving  less 
than  one  percent  error  in  hydraulic  experiments  of  this  kind. 

By  way  of  comment  on  Prof.  Moody’s  paper,  I  would  say 
that  his  method  of  obtaining  static  heads  in  large  penstock 
tests  does  not  seem  to  me  as  reliable  as  my  own  Pitometer  meth¬ 
od  of  carrying  the  static  orifice  along  with  the  dynamic  orifice 
across  the  pipe  in  making  the  velocity  ‘ ‘traverse.” 

In  reference  to  the  over  reading  of  the  sharp  dynamic  ori¬ 
fice  in  oblique  flow  or  turbulent  conditions,  I  think  this  must 
apply  to  the  readings  of  the  single  orifice  or  plain  Pitot  tube, 
rather  than  to  our  double  form,  as  we  once  made  careful  gaug- 
ings  of  flow  in  seven  36  in.  pipes,  each  receiving  the  discharge  of 
a  large  centrifugal  pump  at  Torresdale,  near  Philadelphia. 
Pitotmeter  gaugings  made  just  below  the  pump  gave  the  distri¬ 
bution  of  velocities  characteristic  of  spiral  flow  with  re-entrant 
center  and  Vm  -f-  Vc  =  1.02.  Nevertheless,  a  simultaneous 
gauging  some  distance  down  stream  in  the  main  pipe,  gave  the 
same  flow  value  within  one  percent  though  based  upon  a  normal 
velocity  curve  with  its  Vm  Vc  =  0.87. 

In  view  of  this  result,  it  is  hard  to  see  how  oblique  flow 
could  have  had  any  material  effect  upon  our  instrument. 

Mr.  N.  C.  Grover*  :  The  two  papers  read  this  evening  (The 
Measurement  of  the  Velocity  of  Flowing  Water,  by  L.  F.  Moody, 
and  Pitot  Tube  Formulas,  Facts,  and  Fallacies,  by  B.  F.  Groat) 
treat  of  the  same  general  subject  with  particular  reference  to 
the  measurement  of  velocity  of  flowing  water  by  means  of  the 
Pitot  tube.  They  may  therefore  well  be  discussed  together. 

In  both  papers  the  accuracy  of  velocity  measurements  made 
by  the  Pitot  tube  is  discussed,  and  comparisons  with  the  Haskell 
and  large  Price  current  meters  are  shown.  Mr.  Groat  describes 
also  in  some  detail  the  equipment  and  methods  employed  by  him 
in  making  a  measurement  of  river  discharge  by  means  of  this 
instrument.  No  attempt  has  been  made  in  either  paper,  how- 

*Chief  Hydraulic  Engineer,  U.  S.  Geological  Survey,  Washington,  D.  C. 
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ever,  to  define  the  probable  field  of  usefulness  of  the  Pitot  tube, 
and  the  listener  is  left  to  assume  that  it  may  become  the  univer¬ 
sal  velocity  meter  of  the  future.  The  remarks  which  I  shall 
make  pertain  to  the  relation  of  the  Pitot  tube  to  the  practical 
problems  of  the  hydraulic  engineer  in  the'  measurement  of  river 
discharge,  rather  than  to  the  details  or  even  the  merits  of  the 
papers  themselves. 

My  interest  in  these  papers  arises  from  my  connection  with 
a  branch  of  the  Federal  Government  in  which  for  the  last  ten 
years  more  than  seventy-five  engineers  (on  an  average)  have 
devoted  their  time  and  energies  to  the  measurement  of  river 
discharge.  This  interest  is,  therefore,  more  than  the  academic 
one  which  an  engineer  ordinarily  takes  in  a  phase  of  profes¬ 
sional  work  with  which  he  may  never  come  in  active  contact  or 
perhaps  that  he  may  have  occasion  to  touch  only  at  infrequent 
intervals.  As  the  measurement  of  the  velocity  of  flowing  water 
is  an  essential  part  of  the  work  of  the  water  resources,  branch 
of  the  Geological  Survey,  its  engineers  are  constantly  on  the 
lookout  for  possible  improvements  in  methods  or  instruments, 
and  especially  for  those  which  promise  increased  accuracy  of 
results.  Whenever  improved  methods  are  found  to  be  practi¬ 
cable  for  general  work  they  are  adopted,  frequently  at  great  ex¬ 
pense  for  new  equipment  necessary  on  abandoning  that  previous¬ 
ly  used.  Having  in  mind,  therefore,  the  possibility  of  improv¬ 
ing  the  work  of  stream  gaging  of  the  "Survey,  I  have  applied  to 
the  two  papers  presented  this  evening  the  same  question  that  I 
apply  to  all  similar  papers ;  that  is,  are  the  methods  or  instru¬ 
ments  suggested  applicable  to  the  work  of  the  Survey,  and,  if  so, 
are  they  improvements  on  the  methods  or  instruments  now  in 
use?  With  the  same  object  in  view  I  am  discussing  these  papers 
in  the  hope  that  the  authors  or  others  may  suggest  modifica¬ 
tions  or  improvements  in  instruments  or  methods  which  may 
be  practicable  for  general  use. 

The  end  sought  in  measuring  the  velocity  of  water  is  gen¬ 
erally  the  determination  of  discharge.  This  determination  may 
be  made  for  one  of  several  purposes.  For  example,  the  records 
collected  by  the  Geological  Survey  are  made  for  general  statisti¬ 
cal  purposes  and  may  find  their  greatest  use  in  connection  with 
future  development  work,  or,  as  is  frequently  the  case  in  the 
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more  highly  developed  portions  of  the  country,  with  the 
operation  of  hydraulic  works.  On  the  other  hand,  the  work 
of  Mr.  Groat,  which  was  used  as  a  basis  for  his  paper,  had  tor  its 
object  the  determination  of  the  efficiency  in  place  of  certain 
water  wheels  installed  in  a  power  plant.  Obviously  tin*  limits 
of  accuracy  allowable  and  consequently  the  instruments  and 
methods  employed  might  properly  be  different  for  such  widely 
varying  problems,  and  the  best  methods  lor  work  ot  eithoi  class, 
if  applied  to  the  other,  might  represent  as  poor  engineering 
practice  as  would  the  application  to  the  survey  ot  relatively 
cheap  farm  or  forest  land,  of  the  precise  instruments  and  meth¬ 
ods  necessary  for  the  delimitation  of  valuable  city  lands.  Special 
problems,  like  that  which  confronted  Mr.  Groat,  lequire  special 
instruments  and  methods.  A  record  ot  the  experience  ot  one 
man  helps  another  who  is  attempting  to  solve  a  similar  prob¬ 
lem.  Frequently,  too,  such  special  investigations  lead  to  results 
that  are  of  general  interest  and  bring  about  changes  in  meth¬ 
ods  that  are  of  far-reaching  importance.  The  chances  for  such 
important  results  are  especially  good  in  an  art  like  that  of  the 
collection  of  records  of  river  discharge,  in  which  all  recognize 

the  possibilities  of  improvements. 

In  the  methods  and  instruments  which  he  adopts,  there¬ 
fore,  the  hydraulic  engineer  must  discriminate  between  those 
problems  requiring  relatively  great  accuracy,  like  that  investi¬ 
gated  by  Mr.  Groat,  in  which  errors  of  less  than  one  percent 
may  have  caused  the  acceptance  or  rejection  of  expensive  water 
wheels  with  the  possibility  of  much  more  expense  in  litigation 
in  case  of  rejection,  and  those  relating  to  the  measurement  of 
discharge  of  a  river,  which  varies  widely  from  day  to  day,  season 
to  season,  and  year  to  year,  and  which  never  repeats  itself. 
The  fact  that  certain  surveys  do  not  warrant  the  highest  degree 
of  accuracy  should  not,  however,  be  put  forth  as  an  excuse  for 
poor  instruments  or  poor  work,  because  neither  is  ever  ex¬ 
cusable  in  important  investigations.  The  stream-gaging  work 
of  the  Geological  Survey  has,  from  its  inception,  been  conducted 
with  a  much  higher  degree  of  accuracy  than  would  be  warranted 
by  the  probable  use  of  the  resulting  data.  Such  action,  has,  in 
mjr  judgment,  been  entirely  proper  because  the  records  are 
published  under  governmental  seal  and  are  accepted  as  standard 
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for  all  purposes  except  those  requiring  extraordinary  detail. 
Obviously  such  records  should  be  collected  with  exceptional 
care.  Engineers  in  private  practice  should  recognize,  however, 
that  the  annual  Congressional  appropriation  for  steam  gaging  by 
the  Survey  in  the  whole  United  States  is  little  or  no  more  than 
may  be  actually  expended  by  private  or  municipal  corporations 
in  the  investigation  of  a  single  project  for  the  development 
of  water  power  or  of  a  municipal  water  supply.  As  a  result 
of  this  situation  the  cost  of  every  phase  of  the  work  must  be 
carefully  considered  and  the  methods  and  instruments  adopted 
must  be  intensely  practical  and  must  give  reliable  results  under 
a  wide  range  of  conditions.  A  Survey  engineer  leaves  the  office 
on  a  field  trip  covering,  let  us  say,  a  single  river  basin.  A  part 
of  the  gaging  stations  which  he  must  visit  are  located  in  the 
lower  course  of  the  river,  where  large  quantities  of  water  flow 
at  all  stages,  and  part  are  located  on  head-water  tributaries  too 
small  to  be  called  rivers  and  designated  either  as  brooks  in  the 
Northeast  or  as  creeks  in  the  South  and  West.  When  he  leaves 
the  office  to  make  the  trip  the  rivers  are  perhaps  all  at  low 
stage  and  he  expects  to  make  a  series  of  low-water  measure¬ 
ments.  Before  he  returns  he  may  have  measured  the  discharge 
of  streams  in  flood,  and  almost  certainly  he  will  have  made 
some  measurements  by  wading  and  others  from  bridges  or  cables 
located  many  feet  above  the  stream.  He  will  have  measured 
the  discharge  of  streams  varying  in  depth  from  1  to  50  feet 
and  in  velocity  from  0.50  foot  to  15  feet  or  more  per  second, 
and  in  character  of  water  from  the  clear  trout-brook  of  the 
mountains  to  the  silt-ladened  river  of  the  plains.  He  will 
have  traveled  with  his  full  equipment  by  steam  cars  and  trolley, 
by  stage  and  livery,  by  motorcycle  and  automobile,  by  rowboat 
and  horseback,  and  surely  many  miles  on  foot.  Most  of  his 
measurements  will  have  been  made  in  isolated  localities  where 
it  is  impracticable  to  secure  assistance,  and  yet  he  must  re¬ 
turn  to  the  office  with  dependable  results.  Excuses  will  not  be 
accepted  for  failure  at  any  point.  Obviously  the  instrumental 
equipment  for  such  work  must  be  simple,  light,  and  universally 
adaptable.  The  specifications  for  a  current  meter  for  such 
work  are  not  easily  met.  Many  meters  have  been  tried,  a  few 
have  fulfilled  the  major  requirements,  and  none  has  been  com- 
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pletely  satisfactory.  Within  the  life  of  the  water-resources 
branch  of  the  Survey  and  its  forerunners — the  hydrographic 
branch  and  the  hydrographic  section — practically  every  known 
form  of  meter  has  been  tested  in  our  field  work,  and  our  junk 
room  is  filled  with  meters  that  have  cost  thousands  of  dollars 
but  that  have  been  discarded,  not  in  general  for  failure  in  ac¬ 
curacy,  but  because  of  lack  of  adaptability  to  the  wide  v  ariety 
of  conditions  in  which  we  must  work.  The  large  Price  meter, 
like  that  used  by  Mr.  Groat  in  his  investigation,  is  one  of  the 
types  that  has  been  tried  and  was  several  years  ago  discarded 
because  of  lack  of  reliability.  With  the  abandonment  of  this 
type  alone  fifty  servicable  meters,  which  had  cost  upwards  of 
$3,000,  were  scrapped.  The  small  Price  meter,  which  is  now 
used  by  the  Survey,  has  been  changed  again  and  again ;  old 
forms  have  been  abandoned  or  remodelled  to  make  way  for  the 
new,  and  perfection  is  not  yet  reached. 

Many  valuable  and  widely  used  methods  have  of  course  been 
developed  for  measuring  water.  The  Chezy  formula  and  its 
modifications  are  invaluable  for  making  rough  estimates  of  flow 
from  observations  of  slope.  The  weir  in  its  many  forms  finds 
perhaps  a  greater  use  than  any  of  the  other  devices  for  meas¬ 
uring  discharge,  as  practically  all  measurements  in  connection 
with  the  distribution  of  water  for  irrigation  are  made  by  this 
means.  With  the  exception  of  the  calibrated  tank,  wrhich  is  not 
adapted  to  general  use,  the  weir  is  generally  recognized  as  the 
most  accurate  device  for  measuring  small  quantities  of  flowing 
water.  Reference  should  also  perhaps  be  made  to  water  meters 
of  various  types  and  to  orifices,  all  of  which  are  valuable  for 
particular  purposes. 

Returning  again  to  instruments  for  measuring  velocity, 
floats,  surface,  sub-surface,  and  tube  have  a  wide  use  but  they 
cannot  be  relied  on  to  give  accurate  results  except  under  special 
conditions.  The  Fteley  meter  is  perhaps  the  most  accurate  of 
current  meters  within  the  limits  of  its  practicable  use.  The 
Haskell  meter  is  strong,  generally  reliable,  and  durable  and  is 
recognized  as  one  of  the  very  best  for  work  on  large  rivers. 
The  small  Price  meter,  which  is  believed  to  be  the  best  of  the 
cup  type,  is  not  extremely  accurate  when  used  in  turbulent 
water  or  under  conditions  that  cause  a  vertical  motion  of  the 
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meter,  but  otherwise  is  the  most  universally  adaptable  of  the 
meters  now  made  in  the  United  States.  When  used  under 
proper  conditions  this  meter  will  give  results  which  will  check 
either  the  calibrated  tank  or  the  sharp  crested  weir  within  reas¬ 
onable  limits  of  accuracy.  There  are  many  modifications  of 
these  types  of  meters  which  have  found  favor  locally  but  which 
have  not  become  widely  known. 

It  is  comparatively  easy  for  you  or  for  me  to  explain  where¬ 
in  this  meter  or  that  meter  falls  short  of  the  ideal,  and  it  is  im¬ 
portant  that  we  should  know  the  shortcomings  of  each.  It  is 
much  more  difficult,  however,  for  us  to  make  the  real  improve¬ 
ments  which  all  so  much  desire.  The  engineers  of  the  Geological 
Survey  are  searching  constantly  for  improvements,  not  only  in 
the  meter  used,  but  in  other  meters  which  give  promise  of  great¬ 
er  accuracy.  It  may  interest  you  to  know  that  several  years 
ago  an  expert  mechanician  was  employed  by  the  Survey  for 
months  in  an  unsuccessful  attempt  to  convert  the  screw  type  of 
current  meter  into  form  for  universal  use.  A  serious  decrease 
in  available  funds  caused  the  temporary  abandonment  of  that 
work,  and  it  has  never  been  resumed.  W.  &  L.  E.  Gurley  have 
had  their  instrument  men  at  work  for  a  long  time  in  the  pro¬ 
duction  of  a  screw  meter  which  it  is  hoped  will  fulfill  Survey 
requirements,  and  it  is  expected  that  a  sample  will  be  ready 
for  trial  in  the  near  future.  If,  after  trial  under  a  wide  va¬ 
riety  of  conditions,  such  new  meter  is  found  to  be  generally  more 
accurate  and  reliable  than  the  small  Price  meter,  the  latter  type 
will  be  scrapped  as  have  been  the  large  Price  and  many  other 
types  in  times  past. 

Why  this  extended  statement  of  experience  and  prospects, 
you  ask.  The  practicing  hydraulic  engineer,  whatever  his  equip¬ 
ment  for  special  studies,  must  be  equipped  also  for  a  range  of 
work  similar  to  that  of  the  Survey  if  he  is  to  meet  properly  the 
great  variety  of  problems  presented  in  his  practice.  He  should, 
therefore,  know  the  specifications  which  his  current  meter  must 
meet.  These  remarks  are  also  designed  to  furnish  in  a  brief 
way  a  perspective  wherein  the  Pitot  tube,  in  its  present  form 
of  development  at  least,  may  be  accorded  its  proper  place.  In 
my  opinion,  such  place  is  in  connection  with  special  investi¬ 
gations.  Its  merits  or  demerits  for  such  work  I  do  not  feel 
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qualified  to  discuss,  but  the  experience  of  Messrs.  Moody  and 
Groat  is  certainly  encouraging  for  its  future  usefulness.  Each 
special  investigation  offers  its  pecular  problems  and  in  some  ot 
these  the  Pitot  tube  will  probably  find  its  place. 

That  other  and  improved  types  of  current  meters  will  be 
developed  in  the  future  I  have  no  doubt,  but  if  such  new  types 
are  to  displace  the  types  now  used  for  general  work,  they  must 
have  not  only  the  qualification  of  greater  accuracy  under  cer¬ 
tain  conditions  but-  must  stand  the  test  of  hard  experience  in 
the  wide  variety  of  work  which  stream  gaging  under  all  condi¬ 
tions  affords. 

Mr.  Thomas  P.  Roberts*  :  The  relative  merits  of  the  Pitot 
tube  as  against  screw  or  cup  meters  is  the  problem  attacked  by 
Messrs.  Moody  and  Groat,  the  first  having  his  conclusions  based 
on  many  experiments  in  still  water  tanks,  towing  the  meters 
or  tubes,  the  other  dealing  with  numerous  observations  of  mov¬ 
ing  water  in  large  well  proportioned  head  and  tail  races.  So 
far  as  conditions  were  concerned  for  obtaining  facts  and  adapt¬ 
ing  principles  to  them,  little  has  been  left  to  criticise. 

Simple  as  Pitot  tubes  are  in  principle,  for  years  back 
some  of  the  brightest  minds  have  exercised  their  wits  in  at¬ 
tempts  to  calibrate  them  for  service  in  the  practice  of  hydraulic 
and  pneumatic  engineers.  It  has  been  stated  that  they  have 
given  excellent  results  on  natural  gas  lines,  and  fully  ten  years 
ago  the  results  from  one  of  them  agreed  with  a  volume  meter, 
measuring  gas,  to  within  one  quarter  of  one  percent. 

The  present  speaker  lias  read  the  papers  with  interest,  but 
not  closely  enough  to  warrant  him  in  entering  upon  a  critical 
discussion  of  their  conclusions. 

It  is  probably  the  case  that  the  majority  of  engineers  on 
river  work  have  had  personal  experience  only  with  current 
meters  and  have  given  but  limited  attentions  to  pitometers. 
Those  of  them,  of  course,  who  have  had,  besides  river  work,  ex¬ 
perience  with  gas  and  water  supplies  for  communities  and  mills, 
have  definite  knowledge  of  the  value  of  pitometers  in  measur¬ 
ing  the  discharge  through  pipes  or  other  confined  areas  where 
current  meters  could  not  possibly  be  employed.  However,  these 
same  engineers  would  not,  in  their  river  work,  use  the  tubes. 

*U.  ‘S.  Engineer  Office,  Farmers  Bank  Building,  Pittsburgh. 


398  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

The  present  speaker,  without  having  personal  experience  at 
any  time  with  Pitot  tubes,  has  always  considered  them,  when 
properly  made,  more  philosophical,  i.  e.  nearer  to  nature  in  the 
field  of  hydrodynamics,  because  no  wheel,  screw,  or  other  arti¬ 
ficial  contrivance  with  them  intervenes  between  the  force  ex¬ 
erted  and  the  indicator  of  the  force. 

It  is  the  case,  however,  that  some  things  which  may  be  true 
in  principle  are  not  always  easy  of  application  in  practice.  For 
instance,  how  is  the  engineer  to  take  advantage  of  Mr.  Moody’s 
formula  for  determining  the  effect  of  an  oblique  current  against 
the  orifice  of  a  Pitot  tube  when  the  current  is  first  encountered, 
say,  20  feet  below  the  surface  of  the  river.  It  really  is  the  case 
that  neither  meters  or  tubes,  as  now  constructed,  make  any  record 
of  oblique  currents.  This  branch  of  the  subject  in  the  papers 
before  us  is  referred  to  in  items  relating  to  “perturbations,” 
when  a  mean  of  numerous  readings  is  to  be  taken.  There  may 
be,  and  there  usually  is,  shifting  or  perturbations  in  all  cur¬ 
rents,  especially  if  there  are  high  submerged  rock  ledges,  or 
other  considerable  variations  in  depths,  near  the  meter,  especial¬ 
ly  in  swift  water.  Nevertheless  there  may  be  a  decided  con¬ 
stant  obliquity  at  a  certain  depth  of  which  the  pitometer  will 
not  feel  the  full  force,  but  which  a  current  meter  will  not  fail  to 
record  at  full  value. 

So  very  decided  are  these  cross  currents  sometimes  that  they 
result  in  developing  vertical  eddies  productive  of  upstream 
velocities,  yielding  minus  quantities.  The  existence  of  such 
currents  can  only  be  determined  by  means  of  floats,  and,  of 
course,  the  engineer  will  move  from  such  a  ‘  ‘  cantankerous  ’  ’  place 
if  he  can  find  a  better  one  to  go  to. 

On  this  subject  the  case  is  recalled  of  attempts  to  obtain 
the  extremely  low  discharge  of  the  Monongahela  River  in  the 
drouth  year  1908.  Conditions  were  as  follows :  Practically  no 
water  flowing  over  or  leaking  through  Dam  No.  1 ;  velocity  of 
water  in  the  pool  above  dam,  with  section  1000  feet  wide,  12  feet 
deep,  “estimated”  to  be  0.011  feet  per  second  or  about  40  feet 
per  hour.  As  the  least  heard  of  velocity  recorded  by  a  cur¬ 
rent  meter  was  four  inches  per  second,  it  was  quite  evident  that 
the  river  as  a  whole  section  could  not  be  measured.  Recourse 
was  then  had  to  measuring  the  lockage  water,  plus  gate,  and 
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valve  leakage,  which  created  perceptible  currents  in  the  lock 
chambers.  The  chambers  were  laid  off  by  stretched  cords  in 
rectangles  so  that  the  course  of  -floats  could  be  traced.  Very 
soon  it  was  found  that  some  rather  large  leaks  directed  invisible 
currents  obliquely  against  the  walls  on  one  side,  which  re¬ 
bounding,  created  long  diagonal  cross  threads  with  upstream 
currents  over  most  of  the  width  of  the  locks  (56  ft.).  The  worst 
of  it  was  that  the  swiftest  downstream  threads  were  very  nar¬ 
row  and  did  not  show  at  the  surface.  Only  after  numerous 
trials  with  floats  set  for  different  depths  (the  deepest  8  ft.)  did 
it  appear  possible  to  differentiate  the  areas  of  the  downstream 
from  the  upstream  threads  on  a  given  cross  section.  The  final 
result  was  a  discharge  of  about  200  cubic  feet  per  second  for  the 
Monongahela  which  was  not  much  from  a  watershed  of  7400 
square  miles.  After  the  floats  had  located  the  “trick  points’ ’ 
velocities  were  checked  with  a  Price  meter  which  gave  almost  the 
same  final  figure.  Of  course,  Pitot  tubes  might,  at  the  same 
points,  have  given  corresponding  velocities,  provided  the  tubes 
had  been  held  parallel  with  the  oblique  currents.  It  is  in  such 
peculiar  cases  where  the  current  meter  will  unfailingly  hold  its 
head  to  the  current  exactly  as  a  catfish  noses  its  way  through  a 
rapid. 

As  intimated,  however,  experience  demonstrates  that  in 
gaging  high  floods  in  the  Ohio  below  Pittsburgh  not  much  re¬ 
liance  can  be  placed  on  any  form  of  current  meters,  at  least 
until  after  the  flood  crest  has  passed.  Grass,  leaves,  and  other 
matter  suspended  in  the  water,  with  the  powerful  currents  ex¬ 
isting  at  such  times,  tends  to  collect  about  the  meters,  often 
stopping  the  gearing,  breaking  the  electric  wire,  or  even  pulling 
up  the  100  lb.  anchor  and  causing  it  to  float  up  to  the  surface. 
At  such  times  floats  only  can  be  used  and  dependence  placed  on 
mid  depth,  or  sixth  tenth  depth,  velocities,  for  the  compartments 
of  the  general  section. 

It  appears  to  be  easily  practicable,  by  means  of  vanes  on 
long  rods,  to  indicate  the  obliquity  of  currents  at  different 
depths.  With  such  knowledge  in  advance,  Pitot  tube  velocities 
could  be  reduced  with  nearer  approach  to  accuracy.  With  such 
an  attachment  many  engineers  might  desire  to  use  them  in  clear 
streams  in  preparing  curves  for  rating  tables.  More  numerous 
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readings  would  likely  be  taken,  on  account  of  their  convenience, 
than  with  the  rather  cumbersome  meters,  and  for  this  reason 
alone  better  final  results  ought  to  be  obtained. 

If  it  is  true,  as  has  been  affirmed  by  some  writers,  that  tubes 
giving  a  perfect  record  for  a  given  velocity  will  be  perfect  for 
all  velocities,  that  fact  ought  to  relieve  the  fears  of  those  who 
think  the  best  of  them  are  not  reliable  under  all  circumstances. 
In  a  good,  really  honest,  thermometer  factory  pains  are  taken 
to  obtain  tubes  of  even  bore.  They  may  look  precisely  alike  to 
the  most  critical  eye,  but  when  tested  many  must  be  condemned. 
Is  there  not  in  principle  an  analogy  between  Pitot  tubes  and 
thermometers — and  in  cost  also,  where  good  ones  must  be  paid 
for? 

Mr.  William  Kent!  :  The  papers  of  Mr.  Groat  and  Prof. 
Moody  are  valuable  contributions  to  the  literature  of  the  Pitot 
tube.  They  have  apparently  established  the  conclusion,  that 
while  the  total  pressure  produced  on  a  plane  surface  by  a  jet 
striking  it  perpendicularly  may  be  represented  by  the  formula 
h  =  v2  _i_  the  pressure  indicated  by  a  Pitot  tube  is  only  half 
this  amount,  or  v2  -f-  2g.  There  was  good  reason  ten  or  fifteen 
years  ago  for  believing  that  the  latter  expression  was  incorrect, 
for  many  published  experiments  had  shown  that  the  actual 
velocity  of  a  stream  was  considerably  less  than  that  calculated 
from  the  observed  head  on  the  Pitot  tube,  and  consequently  that 
the  observed  head  was  much  greater  than  the  head  calculated 
from  the  formula  h  =  v2  2g.  The  head  being  the  effect  and 
the  velocity  the  cause,  and  it  being  impossible  that  an  effect  could 
be  greater  than  the  cause,  it  followed,  logically,  that  the  formula 
was  wrong.  Numerous  recent  experiments  have  shown,  however, 
that  when  a  Pitot  tube  is  properly  made  and  properly  handled ; 
when  the  static  pressure  is  correctly  measured  (which  in  some 
forms  of  tube  made  for  reading  both  static  and  dynamic  pres¬ 
sure  it  is  not)  ;  when  the  axis  of  the  tube  is  parallel  with  the 
axis  of  the  stream;  and  when  there  is  no  turbulence;  the  co¬ 
efficient  of  the  tube  is  unity,  that  is  v  =  V  2gh,  and  Messrs. 
Groat  and  Moody  now  show  mathematically  why  this  formula 
is  also  theoretically  correct. 

I  have  myself  used  a  Pitot  tube  as  a  check  upon  other 

f  Consulting  Engineer,  120  W.  32nd  St.,  New  York. 
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methods  of  measuring  t he  discharge  of  a  pump  at  high  pres¬ 
sure,  and  found  its  readings  (on  a  mercury  column)  to  give 
measurements  which  agreed  within  one  percent  of  those  obtain¬ 
ed  by  a  calibrated  nozzle  and  pressure  gage  and  those  obtained 
by  a  weir,  using  the  Francis  formula. 

Mr.  Moody’s  paper  (p.  319)  states  that  “the  coefficient  to 
be  used  with  the  tubes  at  ordinary  velocities  should  be  slightly 
less  than  0.98.”  It  is  not  clearly  shown  to  which  member  of  the 
equation  the  coefficient  applies.  It  is  h  =  0.98  v-  -r-  2g  or  is  it 
v  =  0.98  V  <2(7/1?  If  the  latter,  then  h  =  1.02  v'1  -4-  2g,  and 
it  should  be  explained  how  the  observed  head  can  be  greater  than 
that  calculated  from  the  velocity. 

Prof.  Charles  M.  Allen*  :  We  have  made  several  hundred 
experiments  with  Pitot  tubes  of  various  types  to  determine  the 
coefficients  of  the  instruments  both  for  a  still  water  rating  and 
also  a  moving  water  rating.  The  coefficient  referred  to  is  c 
in  the  formula  h  =  c  v2  2g.  For  all  of  our  work  we  use  the 
formula  h  =  v2  2g,  and  let  the  coefficient  c  take  care  of  any 
departure  from  that  for  all  types  of  Pitot  tubes. 

The  still  water  ratings  were  conducted  at  a  circular  cur¬ 
rent  meter  rating  station  located  in  a  deep  still  water  pond 
connected  with  the  Hydraulic  Engineering  Laboratories  of  the 
Worcester  Polytechnic  Institute. 

A  steel  trussed  boom  84  ft.  long  suspended  from  the  middle, 
mounted  on  ball  bearings  and  rotated  by  means  of  a  rope  drive 
from  a  water  wheel,  was  so  arranged  that  any  desired  velocity 
could  be  obtained  from  something  less  than  y2  ft*  Per  sec* 
up  to  10  ft.  per  sec. 

This  station  has  done  some  exceptionally  good  work  in  rating 
current  meters  of  all  types  for  the  past  six  years  and  it  was 
thought  to  be  well  suitable  for  rating  of  Pitot  tubes. 

The  moving  water  ratings  were  made  in  a  40  inch  pipe  and 
at  the  throat  of  a  36  inch  Venturi  meter,  the  latter  place  being 
by  far  the  better  suited  for  consistent  ratings. 

From  several  hundred  traverses  made  across  the  1 6  inch 
throat,  the  average  ratio  of  mean  to  center  velocity  was  0.986. 
The  water  flowing  thru  the  40  inch  pipe  and  Venturi  meter 
was  measured  over  a  10  ft.  standard  weir  with  end  contractions. 

^Professor  of  Hydraulics,  Worcester  Polytechnic  Institute,  Worcester,  Mass. 
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Ratings  made  under  above  conditions  were  consistent  as 
shown  by  repeated  tests,  but  the  coefficients  varied  with  the 
velocity  in  all  cases.  The  amount  of  variation  depended  upon 
the  type  of  tube  and  amounted  to  from  one  to  ten  percent 
where  the  velocity  changed  from  one  to  twenty  feet  per  second. 

From  all  of  the  experiments  made  in  still  water  with  the 
same  instruments,  the  coefficients  vary  with  the  velocity,  but 
are  also  higher  in  value  in  every  case  than  with  moving  water 
ratings  to  the  extent  of  from  3  to  5  percent.  In  the  still  water 
ratings,  the  velocity  change  was  from  1  to  10  ft.  per  sec. 

From  all  of  our  experience  in  rating  and  using  Pitot  tubes 
of  various  types,  we  have  come  to  the  following  conclusion : 
That  Pitot  tubes  should  be  rated  in  moving  water  and  at  the 
same  velocities  at  which  they  are  to  be  used  (or  in  other  words, 
calibrating  them  under  actual  running  conditions),  a  good  motto 
for  users  of  all  hydraulic  instruments. 

We  believe  the  Pitot  tube  in  various  forms  to  be  accurate 
and  reliable  in  the  measurement  of  the  flow  of  water  when 
properly  used. 

Mr.  Morris  Knowles*  :  So  large  and  enthusiastic  an  audi¬ 
ence  and  the  discussions  by  prominent  hydraulicians,  several  of 
whom  do  not  live  in  the  Pittsburgh  District,  exhibit  a  growing 
and  now  well  established  interest  in  the  one  inexhaustible  natur¬ 
al  resource  of  flowing  and  falling  water,  which  for  so  long  a  time 
has  been  dimmed  in  obscurity  by  the  more  money-making, 
ephemeral  and  much  wasted  resources  of  coal,  oil  and  gas,  which 
have  so  persistently  monopolized  the  attention  in  this  vicinity. 
All  of  us  who  hold  water,  well  controlled,  as  a  valuable  asset, 
be  it  pure  or  otherwise,  must  feel  gratified  at  the  increasing  in¬ 
terest  shown ;  grateful  to  our  officers  for  arranging  such  a  meet¬ 
ing  ;  and  to  our  eminent  friends  for  the  contributions  and  delib¬ 
erations,  upon  the  important  means  of  measuring  the  energy  in 
this  great  resource. 

These  papers  upon  the  Pitot  tube  and  the  related  subjects 
of  the  measurement  of  head  and  velocity  of  flowing  water,  are 
especially  interesting,  in  that  they  suggest  a  corroboration  of 
theory  with  known  experimental  results.  The  article  by  Mr. 
William  Monroe  White,  B.E.,  published  by  the  Association  of 

^Consulting  Engineer,  Oliver  Building,  Pittsburgh. 
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Engineering  Societies,  in  May  1901,  to  which  reference  has  been 
freely  made,  is  also  valuable  in  this  latter  connection;  as  ex¬ 
perimental  proof  is  given  for  the  correctness  of  the  formula 

v  =  y  2gh  when  applied  to  the  Pitot  tube. 


Fig.  40.  Experimental  Pitot  Tube  with  Vernier  attachments. 

These  latter  experiments  suggest  to  the  writer  some  earlier 
historv,  which  it  may  not  be  amiss  to  relate  at  this  time.  len 
years  before  and  while  stimulated  by  the  epochal  work  of  Mr. 
John  R.  Freeman,  C.E.,  upon  the  gaging  of  hose-nozzle  streams, 
the  writer,  in  collaboration  with  the  late  Mr.  Louis  b  ranciseo 
Verges,  S.B.,  conducted  some  experiments  upon  the  distribution 
of  velocity  in  jets  from  standard  orifices.  I  hese  tests,  which 
were  then  believed  to  be  the  first  of  their  kind  for  this  purpose, 
were  undertaken  as  a  fulfillment  of  thesis  requirements,  in  the 
course  of  Civil  and  Hydraulic  Engineering  at  the  Massachusetts 
Institute  of  Technology  in  1891,  and  have  never  been  published. 
It  has  since  appeared  that  Bazin’s  experiments  “On  the  Con- 
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traction  of  the  Liquid  Vein  issuing  from  an  Orifice”,  published 
in  the  Memoires  of  the  Academy  of  Science,  vol.  XXXII,  and 
published  in  translation,  by  Mr.  John  C.  Trautwine,  Jr.,  in 
1896,  were  being  carried  on  contemporaneously. 

Without  attempting  an  elaborate  description  of  the  ap¬ 
paratus  used  which  was  especially  designed  for  the  work  and 


Fig.  41. 
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results  obtained,  it  will  be  sufficient  to  state  that  a  Pitot  tube, 
of  0.011  inches  internal  diameter  at  the  point,  was  mounted 
upon  the  flange  of  a  ring,  which  was  attached  to  a  fixed  annular 
frame  on  the  tank  and  independent  of  the  orifice  plate.  By 
virtue  of  the  ring  being  threaded,  so  as  to  move  in  and  out 
on  the  annular  frame,  and  due  to  the  rotating  motion  of  the 
ring  itself,  as  well  as  the  transverse  motion  of  the  tube  shank, 
it  was  possible  to  obtain  three  motions;  all  of  which  could  be 
determined  and  measured  on  Vernier  scales  and  by  tangent 
screws.  Thus  the  point  of  the  Pitot  tube  could  be  placed  in  any 
plane  of  the  jet,  at  measured  distances  from  the  plane  of  the 
orifice,  and  moved  across  this  plane  in  any  direction  and  at  any 
designated  angle  with  the  horizontal  and  at  measured  intervals. 
A  view  of  the  apparatus  is  presented  in  Pig.  40. 

The  head  on  the  orifice  was  about  48  feet  in  all  tests,  and 
the  diameter  of  orifice  0.50  inches.  The  different  velocities 
were  measured  by  means  of  a  U- tube  mercury  gage  connecting 
with  the  Pitot  tube.  In  calculating  the  velocities  from  the  head 

in  the  mercury  gage,  the  formula  v  =  c  V  2  gh,  was  used. 

It  is  interesting  to  note  that  the  measured  velocity  at  the 
center  of  the  orifice,  as  computed  from  the  reading  by  use  of 
the  above  formula,  was  found  to  be  1.0022  times  the  theoretical 
velocity.  In  order  to  secure  the  actual  velocities  from  the  read¬ 
ings  of  heads  on  the  mercury  gage,  it  was  necessary  therefore, 

to  use  a  constant  of  0.9978,  in  the  formula  v  —  c  V  2gh.  The 
close  approximation  of  this  coefficient  to  unity  affords  additional 
evidence  of  the  application  of  this  formula  to  Pitot  tubes.  The 
fact  that  the  effect  of  temperature  upon  the  mercury  was  neg¬ 
lected  and  some  other  lack  of  refinements,  offers  a  possible 
source  of  error,  which  would  tend  to  make  the  coefficient  as 
found  somewhat  less  than  unity.  The  temperature  is  not  now 
known  exactly,  but  if  taken  at  80  deg.  Falir.,  which  was  the 
warmest  record  for  the  month  of  tests,  the  coefficient  would  be¬ 
come  0.999.  Subsequent  thesis  work  at  the  Massachusetts  In¬ 
stitute  of  Technology  by  John  S.  Ilallaron  in  1896  and  Thomas 
C.  Fisher,  in  1913,  confirm  the  use  of  a  coefficient  of  unity. 

Plots  of  the  distribution  of  velocity  at  the  plane  of  the 
orifice  and  at  the  contracted  vein  are  presented  in  Figs.  41  and 
42  respectively. 
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The  writer  was  particularly  interested  in  the  remarks  of 
Gardner  S.  Williams,  C.  E.,  relative  to  the  applications  of 
Bernoulli’s  theorem  to  different  points  in  the  horizontal  dia¬ 
meter  of  a  section.  In  our  experiments,  conducted  upon  jets 
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issuing  from  standard  orifices,  it  was  very  evident,  as  stated  by 
Professor  Williams  for  pipe  flows,  that  a  marked  retardation  of 
velocity  in  the  jet  occurred  about  the  outer  edge. 

If  Bernoulli’s  theorem  were  applied  to  two  points,  one  at 
the  center  of  the  jet  and  the  other  at  the  outer  edge  of  the  jet 
in  the  same  plane,  then  the  decrease  in  velocity  head  at  the 
outer  edge  would  necessitate  an  increase  in  pressure  head,  in 
order  to  balance  the  greater  velocity  head  at  the  center.  If 
such  an  application  of  Bernoulli’s  theorem  were  possible  and  if 
the  outer  edge  of  the  jet  were  under  greater  pressure  than  the 
center  of  the  jet,  it  is  reasonable  to  suppose  that  this  pressure 
would  cause  the  jet  to  lose  its  form.  Thus  it  appears  the  theorem 
is  not  applicable  to  two  such  points. 

According  to  the  principles  of  the  conservation  of  energy, 
however,  it  follows  that  the  total  energy  in  a  filament  of  water 
in  the  outer  edge  must  equal  the  total  energy  in  a  filament  taken 
at  the  center,  granting  that  each  has  the  same  source  of  energy. 
It  does  not,  however,  necessarily  follow  that  the  energy  must 
appear  in  the  form  of  pressure  and  velocity.  Undoubtedly  a 
portion  of  the  velocity  of  the  outer  filament  must  have  been 
converted  into  heat  due  to  friction.  Taking  this  latter  element 
into  account,  there  seems  no  justification  for  assuming  that  the 
decrease  in  velocity,  between  that  of  the  center  filament  and 
that  of  a  filament  in  the  outer  edge,  is  compensated  for  by  a 
corresponding  increase  in  pressure. 

Mr.  Clemens  Herschel*  :  In  conformity  to  the  invitation 
of  a  Member  of  the  Engineers’  Society  of  Western  Pennsylvania, 
this  brief  discussion  of  the  general  subjects  treated  at  the  meet¬ 
ing  of  the  Society  held  December  16,  1913,  is  submitted. 

The  distinction  is  not  always  clearly  drawn  between 
“Measuring  Water”,  as  that  pioneer  in  the  art,  certainly  in 
America,  James  B.  Francis,  of  Lowell  Hydraulic  Experiments 
and  other  fame,  was  wont  to  call  the  exercise  of  hvdrometry; 
and  “The  Measurement  of  the  Velocity  of  Flowing  Water.” 

The  last  named  is  only  a  step  in  one  of  the  ways  in  which 
the  first  named  may  be  accomplished. 

Again,  the  sole  absolute  test  of  the  correctness  of  any  meth¬ 
od  of  measuring  water,  is  a  tank  measurement ;  and  unless 

‘Hydraulic  Engineer,  2  Wall  St.,  New  York. 
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a  writer  on  practical  hydraulics  clearly  keeps  such  a  check  meas¬ 
urement  in  mind,  and  in  the  minds  of  his  readers,  he  is  liable 
to  become  self  deluded,  and  no  fit  guide  for  his  following. 

FLOWING  WATER 

What  is  “flowing  water”?  Is  it  a  trough  or  pipe  contained 
bundle  of  the  string  like,  straight  line  filaments  of  the  school¬ 
books,  moving  over  or  alongside  of  each  other  without  friction, 
so  that  at  the  end  of  the  first  observed  second  of  time,  the  down¬ 
stream  ends  of  some  of  the  filaments  are  much  in  advance  of  the 
downstream  ends  of  the  others ;  at  the  end  of  the  second  second 
of  time,  these  same  leader  heads  are  twice  as  far  in  advance  of 
the  last  named  filament  heads;  and  so  on,  until  in  a  few  minutes 
the  heads  of  the  fast  running  filaments  may  have  slipped  for 
yards  and  scores  of  yards  in  advance  of  the  heads  of  the  slower 
running  filaments ;  all  of  which  heads  were  abreast  of  each  other 
when  the  experiment  began? 

Nothing  of  the  sort.  The  writer  elsewhere  has  compared 
the  particles  of  flowing  water,  instead  of  with  such  a  loose 
bundle  of  strings  or  filaments  as  just  described,  to  the 
“contents  of  a  feather  bed  turbulently  floating  down  the  street 
in  a  gale  of  wind.” 

Now  this  is  the  sort  of  floating  material  which  we  are  to 
gauge,  and  to  say  what  cubic  volume  of  it  is  passing  a  given 
cross-sectional  plane  in  a  second  of  time. 

That  the  picture  is  not  overdrawn  will  be  recognized  when 
it  is  considered  that  just  as  a  cloud  of  feathers  will  stay  to¬ 
gether  as  a  cloud,  though  each  feather  may  be  blown  about  in 
every  geometric  direction  while  partaking  of  the  cloud’s  linear 
motion,  so  a  small  amount  .of  coloring  matter  injected  into  a 
body  of  flowing  water,  has  been  used  to  determine  the  velocity 
of  the  whole  stream,  by  observing  the  interval  of  time  taken 
for  the  little  body  of  cloudy  water  to  pass  a  station  a  half  mile 
or  more  down  stream  from  the  point  of  coloring  matter  injection. 

Evidently  we  have  not  here  to  do  with  the  filaments  of 
the  school  books.  And  instruments  pretending  to  measure  the 
velocity  of  such  filaments  do  nothing  more  than  average  cer¬ 
tain  cloud  motion  tendencies.  And,  again,  methods  of  comput¬ 
ing  volumes  passing  a  given  plane  in  a  second  of  time,  based  on 
the  determination  of  such  average  tendencies  at  selected  points 
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in  the  originally  supposed  cross-section  plane,  do  not  necessarily 
reveal  the  truth.  Especially  not,  if  these  methods  have  not  been 
tested  as  a  whole,  from  A  to  Yjed,  by  a  tank  measurement. 

WEIR  MEASUREMENTS 

In  the  50s  of  the  19th  Century,  Mr.  James  B.  Francis,  then 
the  30  odd  year  old  agent  of  the  proprietors  of  Locks  and 
Canals  on  Merrimac  River,  the  corporation  controlling  the  water 
power  at  Lowell.  Mass.,  had  occasion  to  establish  the  weir  meth¬ 
od  of  measuring  water  for  purposes  of  regulating  the  draft  of 
water  from  the  canals  of  his  company  by  the  seven  Lowell 
manufacturing  corporations.  This  he  did  by  letting  water  flow 
over  such  a  weir  a  carefully  measured  interval  of  time,  and 
catching  the  water  thus  passed  over  in  an  old  canal  lock,  pre¬ 
pared  to  receive  it  for  its  then  duty  as  a  tank,  or  measuring 
basin.  Depths  upon  the  weir,  the  interval  of  time  elapsed 
spoken  of,  the  contents  of  the  tank,  lengths  of  weir,  means  of 
observing  the  true  depths  upon  the  weir,  were  all  designed  and 
measured  with  extreme  accuracy,  as  were  also  all  the  character¬ 
istics  of  the  whole  weir  construction.  All  as  permanently  re¬ 
corded  in  the  book  above  referred  to. 

From  many  series  of  such  experiments  was  deduced  the 
well  known  Francis  formula  for  measuring  the  discharge  of 
water  over  a  weir ;  but  let  it  be  noted  and  remembered,  that  this 
formula  was  stated  and  published  as  applicable  only  to  a  weir 
and  its  outfit  proportioned,  constructed,  and  built  just  like  the 
weirs  used  at  Lowell  in  1850  (or  thereabouts),  and;  in  the  case 
of  depths  on  the  weir,  observed  and  measured  just  like  those 
at  Lowell  were  then  observed  and  measured. 

With  these  limitations,  a  careful  engineer  may  undertake 
to  make  observations  and  measurements,  the  results  of  which 
carefully  computed  will,  after  a  due  interval  of  time  taken  for 
the  computations,  give  rates  of  flow  as  they  existed  at  certain 
recorded  seconds  of  time. 

Similarly  did  Messrs.  Fteley  and  Stearns,  hydraulic  en¬ 
gineers  employed  in  the  construction  of  the  Sudbury  Aqueduct 
by  the  City  of  Boston,  Mass.,  in  1877-1879,  make  weir  gaugings, 
checked  by  volumetric  gaugings;  and  published  the  results  of 
their  experiments. 

They  selected  a  method  differing  from  that  used  by  Mr. 
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Francis  for  observing  the  depth  of  water  upon  the  weir,  so  that 
any  one  wishing  to  use  their  formula,  would  be  obliged,  if  wish¬ 
ing  to  reach  accurate  results,  to  use  the  Fteley  and  Stearns 
method  of  making  observations ;  and  generally  would  be  obliged 
scrupulously  to  imitate  their  procedure. 

Besides  all  this  their  formula  asks  the  engineer  to  add 
linear  feet  to  cubic  feet  per  second ;  a  worship  of  and  subservi¬ 
ence  to  the  occult  powers  of  a  mathematical  formula,  not  readily 
undertaken  by  every  engineer  that  computes  quantities. 

Other  such  weir  experiments  have  been  made  in  compara¬ 
tively  recent  years  in  France  (Bazin  and  others),  and  in 
Germany. 

But  enough  may  have  been  said  to  indicate  that  accurate 
gaugings  do  not  necessarily  result  because  a  weir  was  used,  not 
even  if  it  shall  have  been  called  a  “standard  weir.”  Everything 
depends  on  the  man  who  built  and  used  the  weir,  and  there  are 
no  doubt  more  inaccurate  weir  gaugings  extant,  than  accurate 
ones. 

Nor  is  the  cost  of  a  weir  gauging  a  trifle.  Weirs  will  not 
transmit  water  pressure,  hence  can  only  be  used  in  open  chan¬ 
nels  ;  sometimes  only  after  a  gross  waste  of  water  pressure.  The 
cost  of  putting  in  a  tight  weir,  and  supplying  it  with  the 
necessary  hook  gauges,  setting  the  hook  gauges,  and  making  the 
weir  observations  is  considerable.  And  after  all  this  has  been 
done,  there  remain  the  computations  to  find  the  practical  re¬ 
sults  :  which  after  all  are  only  a  series  of  rates  of  flow  taken 
at  stated  recorded  times.  High  priced,  skilled  labor  has  been 
necessary  to  procure  all  of  this,  and  the  results  have  been  reached 
after  long  waiting,  and  have  not  been  available  during  the  time 
of  the  actual  gaugings,  when  they  were  most  needed. 

CURRENT  METER  GAUGINGS 

These  may  be  made  in  selected  points  of  the  cross-section 
of  a  stream;  or,  by  slowly  moving  the  current  meter  in  vertical, 
or  in  horizontal  lines,  or  so  as  to  cover  the  whole  area  in  a 
uniform  manner,  the  mean  velocity  in  the  verticals,  or  in  the 
horizontals,  or  over  the  whole  cross-section,  may  similarly  be 
determined. 

Again  does  high  priced  computation  follow  high  priced  ob¬ 
servation,  and  again  is  the  personal  skill  and  equation  of  the 
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observer  involved  in  the  results,  which  after  all  have  only  come 
to  hand,  long  after  they  should  have  been  known,  to  say  noth¬ 
ing  of  the  time  and  cost  necessary  for  rating,  safeguarding  and 
rerating  of  the  current  meters;  nor  of  the  fact  that  an  hour 
to  make  one  gauging  is  fairly  quick  work;  this  last  a  great 
grievance  and  disadvantage  when  all  the  other  hydraulic 
phenomena,  (such  as  the  setting,  speed  and  power  of  the  tur¬ 
bine,  say,  to  be  tested)  must  be  kept  constant  and  uniform  dur¬ 
ing  the  same  length  of  time. 

For  gauging  large  rivers,  this  is  an  accepted  method.  As 
portrayed  above,  it  is  much  less  desirable  in  the  gauging  of  small 
streams,  and  barely  applicable  to  the  gauging  oi  pipe  dis¬ 
charges. 

PITOT  TUBE 

Everything  that  has  been  said  respecting  the  disadvantages 
of  gauging  streams  by  means  of  current  meters,  applies  to 
the  use  of  Pitot  tubes  for  that  purpose,  with  the  additional 
disadvantage  that  Pitot  tubes  will  only  indicate  velocities  for  an 
instant  of  time,  and  only  in  single  points  of  the  stream  cross- 
section. 

In  a  pipe  for  example,  to  work  in  the  customary  manner 
the  point  of  the  Pitot  tube,  when  making  a  gauging,  must  be 
set  precisely  in  the  circle  which  is  the  locus  of  the  threads  ot 
velocity  having  the  mean  velocity  existing  in  the  whole  cross- 
section.  Inside  of  this  circle  by  a  hair’s  breadth  and  the  re¬ 
sults  found  are  too  large;  outside  of  it,  and  they  cire  too  small. 
And  always  are  they  only  instantaneous  indications.  Under  such 
circumstances  sustained  accuracy  is  of  course  unattainable. 
Ordinary  Pitot  tube  or  pitometer  gaugings  are  therefore  ap¬ 
proximations  only. 

High  priced  labor  in  procuring  and  rating  the  instruments; 
difficulty  and  cost  of  using  them;  the  long  time  necessary  to 
make  a  single  gauging,  when  large  streams  of  water  are  gauged 
and  the  multiple  point  method  of  observation  is  employed ;  the 
computations  that  needs  must  follow;  the  skill  and  personal 
equation  of  the  operator  involved;  the  time  that  must  elapse 
before  the  paucity  of  results  finally  obtained  has  been  found; 
all  these  militate  against  the  use  of  Pitot  tubes  in  gauging 
streams  of  water  for  practical  purposes. 
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VENTURI  METERS 

If  we  had  the  flow  of  a  ^4-inch,  or  a  1,  2,  3  or  4-inch  pipe 
to  measure,  nobody,  presumably,  would  think  of  measuring  that 
flow  over  a  weir,  or  by  a  current  meter,  or  with  a  Pitot  tube. 
He  would  use  instead  a  water  meter;  or  might  use  a  stop-watch, 
and  a  pail  or  tub. 

Now  it  has  come  to  pass,  in  the  progress  of  things  mundane, 
that  a  water  meter  has  been  devised,  (invented  25  or  more 
years  ago,)  some  6000  in  use  today  the  world  over,  applicable  in 
pipes  from  diameter  to  tunnels  18  ft.  in  diameter,  re¬ 

peatedly  tested,  and  costing  less  to  procure  or  build  and  set  in 
place,  together  with  the  taking  of  the  readings  (which  last  “the 
man  in  the  street’  can  do,)  than  the  cost  of  any  of  the  meth¬ 
ods  hitherto  described,  reckoning  such  cost  from  the  beginning 
of  operations  to  the  procural  of  the  net  results.  Then  why  not 
use  such  a  meter  when  it  becomes  a  question  of  metering  the 
water  flowing  in  pipes  or  channels  generally? 

It  would  be  difficult  fully  to  answer  this  question,  though 
human  inertia  and  the  blighting,  life-long  effects  of  misinforma¬ 
tion  acquired  during  the  days  of  schooling,  and  thereafter  from 
many  engineering  compilations,  have  much  to  do  with  the 
omission  to  use  such  meters  in  the  many  cases  where  they  yet 
should  be  or  should  have  been  used.  Especially  when  it  is 
considered  that  the  fundamental  Venturi  meter  patents  have 
long  ago  expired,  and  any  one  may  build  and  use  a  Venturi 
meter  tube. 

• 

The  first  large  sized  Venturi  meter  ever  built  was  built 
inside  of  an  old  9-foot  penstock  in  Holyoke,  Mass.,  in  1886;  of 
wood,  and  using  the  penstock  merely  as  a  sort  of  continuous  hoop 
to  hold  together  the  wood  staves.  All  material,  (except  the  cast 
bronze  throat  piece)  was  entered  through  a  man  hole  cut  into 
the-  penstock,  and  removed  in  the  same  way. 

This  process  was  repeated  3-years  later,  in  the  case  of  two 
such  meters  built  into  two  4-foot  water  pipes  on  the  works  of 
the  East  Jersey  Water  Co.,  supplying  Newark,  N.  J. ;  and  those 
two  meters  after  24  years  of  service,  night  and  day,  are  still 
“on  the  job.”  They  also  bid  fair  to  serve  at  least  as  long  as  the 
4-foot  conduit  does. 

Many  such  meters  have  been  built  of  concrete ;  in  the  East 
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Indies  are  two  such,  some  10  ft.  in  diameter;  and  in  line  of  the 
new  conduit  supplying  New  York  City  from  the  Catskills  are 
three  such  meters  each  nearly  18  ft.  in  main  diameter. 

Hundreds  and  thousands  have  been  made  of  cast  iron,  the 
throat  lined  with  brass,  to  meter  cold  and  hot  water,  brine  and 
other  chemicals,  illuminating  gas,  steam  and  other  gases. 

Built  to  standard  proportions,  they  wholly  eliminate  the 
personal  equation,  or  technical  skill  of  tliet  user.  The  same 
register  will  indicate  the  momentary  rate  of  flow,  the  total 
quantity  that  has  passed  since  the  last  reading  of  the  meter, 
and  a  clock  wound  once  a  week  keeps  a  chart  record,  night  and 
day,  during  the  week.  The  Massachusetts  Metropolitan  Water 
Board,  has  66  such  night  and  day  watchmen  keeping  continuous 
records  of  inflow  and  outflow  on  its  many  pipe  lines. 

These  last  named  are  permanently  installed  meters.  But 
tor  temporary,  passing  purposes,  such  meters  are  eminently  use¬ 
ful  and  advisable.  In  testing  turbines  set  in  place,  temporary 
wooden  or  concrete  meters  can,  it  is  believed,  always  be  set 
horizontally,  inclined,  or  vertically,  either  in  the  penstock,  or 
else  in  the  tail  race.  An  example  of  a  difficult  application  of 
this  sort  in  a  masonry  penstock,  in  which  the  Venturi  meter 
tube  extends  upstream  and  downstream,  from  and  around  a  bend 
in  the  penstock,  is  described  in  Engineering  News,  February 
15,  1912. 

As  the  most  expensive  part  of  such  a  meter  is  the  register, 
(when  a  register  instead  of  a  simple  indicating  manometer  is 
used)  to  apply  the  Venturi  meter  to  water  waste  prevention 
work,  it  would  only  be  necessary  to  use  one  register,  portably 
mounted,  for  the  whole  city,  or  a  city  district,  to  register  the 
flow  through  meter  tubes  set  permanently  in  line  of  the  street 
mains;  and  thus  made  available  thereafter  and  whenever  an 
examination  for  measuring  waste  is  desired. 

Tn  point  of  accuracy  such  meters  leave  nothing  to  be  de¬ 
sired.  They  have  been  repeatedly  tested  by  tank  measurement. 
Indeed,  the  first  one  sold  and  used  outside  of  works  being  built 
by  the  inventor  of  the  meter,  (after  10  years  of  skepticism  or 
else  of  decrying  of  it  by  engineers  and  others),  was  sold  subject 
to  test  by  tank  measurement,  to  a  lawyer-president  of  a  water 
supply  company,  and  thereupon  kept  by  him.  Many  such  tank 
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measurements  preceded  and  have  followed  this  little  pioneer 
meter.  In  Engineering  News  of  August  14,  1913,  3d  page  of 
the  cover,  tank  tests  made  monthly  at  Lancaster,  Pa.,  by  the 
Engineer  and  Superintendent  of  the  water  works,  are  described. 
Their  variance  from  the  Venturi  meter  record  is  stated  to  aver¬ 
age  1-20  of  one  percent. 

Perhaps  the  most  gratifying,  time  and  expense  saving, 
useful  feature  in  the  use  of  such  meters  is  the  fact  that  they 
indicate  at  once,  in  the  field,  all  that  one  wants  or  needs  to 
know  about  the  gauging  then  in  progress.  To  fully  appreciate 
this  service,  it  may  he  necessary  for  the  hydraulic  engineer  to 
experience  it.  Thus,  in  making  any  of  the  ordinary  hydraulic 
experiments  which  engineers  undertake,  it  is  of  the  greatest 
value  to  know  on  the  ground  and  during  progress  of  the  ex¬ 
periments,  what  law  of  nature  is  being  revealed  by  them.  And 
the  more  readily  to  recognize  this  law,  it  is  necessary  to  he  able 
to  vary  the  elements  under  examination  by  regular  and  equal 
increments  or  decrements. 

Thus  in  testing  any  apparatus  discharging  water,  it  is  a 
great  help  to  let  the  discharge  vary  by  equal  increments  of  cubic 
feet  per  second,  beginning  with  the  minimum  discharge  ;•  some¬ 
thing  which  is  readily  accomplished  by  setting  the  desired  dis¬ 
charge,  by  means  of  the  meter,  to  equal  the  desired  quantities ; 
to  begin  with  and  thereafter. 

If  one  will  stop  and  think  of  the  help  such  a  procedure  is 
to  the  engineer  conducting  say  a  wheel  test,  and  of  the  entire 
absence  of  the  personal  equation  in  such  a  procedure,  he  will 
look  upon  the  “screen  method”  of  gauging  turbine  feed  or  dis¬ 
charge,  mentioned  in  the  papers  now  before  the  Society  as  lately 
introduced  in  the  conduct  of  wheel  tests  in  Sweden  and  Ger¬ 
many,  (with  its  many  assistants  required  to  conduct  the  tests, 
and  its  other  disadvantages),  as  a  distinct  retrogression  in  the 
conduct  of  turbine  tests. 

Finally,  as  to  the  comparative  expense  involved;  it  will 
never  do  to  compare  the  bare  cost  of  meters,  with  the  bare  cost 
of  weirs,  current  meters,  or  Pitot  tubes.  The  comparison  must 
be  made  between  the  total  expense  due  to  the  several  methods 
used,  reckoning  from  the  beginning  of  operations,  to  the  pro- 
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eural  of  the  net  result  sought ;  and  reckoning  moreover  for  ma¬ 
terials  and  all  labor  involved,  skilled  and  unskilled. 

If  this  is  done,  it  will  be  found,  so  far  as  the  writer’s  ex¬ 
perience  and  judgment  goes,  that  the  cases  are  rare  indeed,  barr¬ 
ing  the  gauging  of  streams  of  over  1 000  eu.  ft.  pei*  sec.,  in  which 
the  use  of  meters,  whether  for  temporary  or  for  permanent 
gaugings,  will  not  be  notably  more  satisfactory  in  many  re¬ 
spects;  and  costing  less,  than  any  other  method  that  can  be 
employed. 

PRELIMINARY  REPORT  OP  CURRENT  METER  INVESTIGATIONS 

Messrs.  E.  H.  Brown*  and  F.  Nagler+  :  The  experimental 
work  herein  described  was  performed  with  a  view  to  determin¬ 
ing  possible  causes  of  the  over-registering  of  the  cup  type  of 

current  meter.  It  is  preliminary  to  more  extensive  tests  which 
were  made  in  order  to  determine  the  relative  extent  to  which 
various  types  of  current  meters  and  different  forms  of  revolv¬ 
ing  elements  for  each  type,  will  give  true  resultant  components 
of  velocity  when  the  meter  is  subjected  to  angular  flow. 

On  recent  tests  of  various  hydro-electric  plants  it  has  been 
.  shown  that  the  cup  type  of  meter  indicates  a  mean  velocity 

considerably  in  excess!  of  that  called  for  by  the  quantity  as 

measured  by  a  weir,  and  also  considerably  in  excess  of  velocities 
as  determined  by  the  screw  type  of  current  meter.  The  same 
relation  is  taken  up  very  fully  in  the  December,  1912,  Proceed¬ 
ings  of  the  American  Society  of  Civil  Engineers,  by  Mr.  B.  F. 
Groat.  In  the  discussion  of  Mr.  Groat’s  paper  appearing  in 
the  February,  1913,  issue  of  the  Proceedings  Mr.  W.  G.  Price 
makes  a  statement  which  has  been  generally  conceded  by  engi¬ 
neers.  The  statement  appears  on  page  306  and  reads  : 

“If  a  cup  meter  with  no  vane  is  fixed  on  a  vertical  rod,  the  cur¬ 
rent  perturbations  moving  up  and  down  in  the  vertical  plane  will  de¬ 
crease  the  revolutions  of  the  wheel  and  thus  offset  the  increase  due  to 
the  horizontal  perturbations.  This  action  is  due  to  the  fact,  that  the 
top  and  bottom  faces  of  the  meter  wheel  present  a  propeller-shaped 
surface  to  the  water,  and  when  vertical  currents  strike  the  wheel  they 
tend  to  turn  it  in  the  opposite  direction  from  that  produced  by  the  w’ater 
flowing  against  the  cups.” 

■{■Engineer,  Hydraulic  Department,  •Allis-Chalmcrs  Manufacturing  Co.,  Mil¬ 
waukee,  Wis. 

"Testing  Engineer,  Allis-Chalmers  Manufacturing  Co.,  Milwaukee,  Wis. 
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This  first  work  was  performed  for  the  purpose  of  deter¬ 
mining  the  extent  of  the  “decrease”  mentioned  in  the  italicized 
portion  of  this  statement  and  in  order  to  ascertain  the  effect 
of  the  meter  frame  on  the  readings  of  the  meter  when  subjected 
to  horizontal  disturbance  or  angularity. 

METHOD  OF  TESTS 

For  the  preliminary  work  there  was  available  a  42  in.  dis¬ 
charge  main  about  500  ft.  long  of  uniform  grade.  Water  at 
about  a  temperature  of  90  deg.  flowed  in  this  pipe  to  a  depth  of 


Fig.  43.  Arrangement  of  Apparatus  for  Testing  Current  Meters. 

12  to  14  in.  and  at  a  velocity  of  about  4-feet  per  second,  the 
velocity  being  very  constant.  A  large  size  Price  type  current 
meter  manufactured  by  Gurley  was  first  placed  in  this  current 
and  held  at  various  angles  with  the  horizontal,  it  being  revolved 
about  a  horizontal  axis  as  far  as  90  deg.  above  and  below  a 
horizontal  plane.  A  rigid  support  was  provided  and  an  indi¬ 
cator  so  arranged  that  the  angles  could  be  determined  within 
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about  2-degrees,  the  arrangement  being  such  that  the  meter 
could  be  shifted  from  one  position  to  another  readily.  See  Fig. 
43.  The  tail  of  the  meter  was  removed  and  it  was  supported 
rigidly  in  the  stream  by  a  crank  of  such  throw  that  the  center 
of  the  meter  head  remained  in  a  fixed  position  tor  all  angles. 

The  center  line  of  the  revolving  element  was  placed  about 
5  in.  below  the  surface  of  the  water  and  8  in.  above  the  bottom 
of  the  conduit.  A  reading  was  taken  with  the  meter  normal  to 
the  stream  every  third  or  fourth  setting  so  that  a  continuous 
record  as  to  the  constancy  of  flow  might  be  available.  The 
average  velocity  of  the  water  at  the  meter  position  was  about 
4-feet,  per  second,  according  to  the  maker  s  rating  of  the  meter. 

This  velocity  was  checked  by  a  Pitot  tube  which  was  sub¬ 
stantially  the  tube  N  as  used  by  W.  M.  White  in  his  work.  It 
was  inserted,  not  to  check  the  absolute  velocity  as  measured  by 
the  meter,  but  rather  to  show  whether  the  velocity  of  the  water 
was  altered  due  to  different  outlines  of  the  meter  being  pre¬ 
sented  to  the  flow  at  the  different  angles. 

RESULTS  OF  TESTS 

In  placing  the  meter  at  a  slight  angle  either  above  or 
below  horizontal,  it  was  immediately  noted  that  the  revolutions 
increased  very  materially.  At  the  90  deg.  positions  above  and 
below  horizontal,  in  which  positions  the  axis  of  the  rotating  ele¬ 
ment  of  the  meter  was  in  line  with  the  direction  of  flow,  it  was 
expected  that  the  meter  would  either  reverse,  or  show  little 
velocity.  As  a  matter  of  fact,  it  showed  approximately  one- 
half  the  number  of  revolutions  that  it  registered  in  its  normal 
presentation  to  the  flow,  and  in  the  same  direction. 

The  curve  sheet,  Fig.  44  shows  all  of  the  points  obtained 
under  tests.  It  also  indicates  the  shifting  of  the  whole  curve 
occasioned  by  the  difficulty  experienced  in  fixing  the  normal 
position.  It  shows  very  clearly  that  under  constant  velocity 
of  water  this  particular  meter  will  over-register  as  high  as  2") 
percent  when  placed  at  an  angle  to  the  normal  direction  of  flow 
vertically.  It  is  to  be  noted  that  this  maximum  point  occurs 
at  an  angle  approximately  that  of  the  side  of  the  bucket. 

In  connection  with  the  above  as  well  as  later  work  an 
error  is  introduced  in  that  tipping  the  meter  at  an  angle  in¬ 
troduces  a  greater  amount  of  bearing  friction.  The  effect  of 
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this  error  will  not  he  experienced  in  a  meter  used  in  a  horizontal 
position,  but  it  is  probable  that  the  effect  is  slight  up  to  the  4;> 
degree  limit  used  hereafter  to  cover  all  ordinary  conditions.  In 
any  event  the  effect  is  merely  to  reduce  the  number  of  revolu¬ 
tions,  this  reduction  increasing  with  the  angle. 

On  the  curve  in  Fig.  44,  the  circle  A  is  drawn  in  showing 
the  theoretical  performance  of  the  cup  type  of  meter  when 
placed  at  various  horizontal  angles,  under  which  conditions 
neglecting  the  effect  of  the  frame,  it  may  be  assumed  that  a 
constant  velocity  will  be  registered  regardless  of  the  angularity 
of  the  meter.  This  circle  also  shows  the  performance  of  any 
type  of  meter  so  supported  that  it  is  free  to  swing  in  any  direc¬ 
tion.  The  circle  E,  drawn  in  on  one-half  the  diameter  of  A 
indicates,  by  the  length  of  the  various  vectors  intercepted,  the 
true  components  of  velocity  and  represents  the  ideal  meter  per¬ 
formance.  The  dotted  curve  C  is  plotted  on  the  actual  test 
readings  of  the  meter  under  test  and  indicates  along  the  25 
degree  and  35  degree  lines  the  approximate  maximum  error. 
These  lines  lie  at  an  average  angle  of  30  degree  with  the  horizon¬ 
tal,  which  corresponds  to  the  60  degree  angle  (approximate) 
of  the  bucket  itself.  This  double  curve  C  is  plotted  in  on  the 
basis  of  percentage  of  curve  A.  The  error  would  be  greatly 
emphasized  if  it  were  plotted  in  on  the  basis  of  circle  B,  which 
shows  the  true  resolved  components  desired. 

The  Pitot  tube  readings  are  shown  along  curve  B  which  is 
also  plotted  in  percentage  of  A.  The  curve  D  is  replotted  in 
percentage  of  A  by  basing  C  on  B  rather  than  on  A. 

This  preliminary  work  indicates  that  the  over-registering 
of  this  particular  cup  type  of  meter  is  due  more  to  the  effect 
of  angularity  of  flow  in  a  vertical  plane  than  to  that  in  a  horiz¬ 
ontal  plane.  This  is  contrary  to  general  ideas  of  performance 
of  the  cup  type  of  meter  as  indicated  by  above  quotation.  In 
the  place  of  retarding  the  revolutions  of  the  meter  under  test, 
angularity  of  flow  in  the  vertical  direction  speeds  it  up  a  very 
considerable  amount  over  the  known  error  due  to  horizontal 
angularity  of  flow.  The  conclusion  follows  that  the  large  Price 
meter  should  only  be  used  swinging  free  in  all  directions,  in 
which  case  the  excess  velocity  (curve  ^4)  registered  in  disturbed 
water  will  be  slight  for  small'  disturbances  but  will  increase 
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rapidly  with  large  angularities.  This  becomes  evident  upon 
comparing  curves  A  and  E. 

After  making  the  above  determinations  no  further  work 
was  done  on  the  large  Price  meter  but  attention  was  devoted  to 
the  smaller  and  more  modern  Price  single  point  cup  type  of 
meter  as  made  by  Gurley.  This  instrument  was  constructed 
with  the  cups  conical  in  form,  the  axial  sections  being  circular 
as  contrasted  to  the  triangular  form  of  the  larger  instrument, 
see  Fig.  45. 


Fig.  45.  Current  Meter. 


This  meter  was  revolved  similarly  about  a  horizontal  axis, 
readings  being  taken  every  5-degrees  up  to  90  degrees  above 
and  below  normal.  As  this  instrument  is  generally  used  the 
investigation  was  carried  further  to  show  the  effect  of  horizon¬ 
tal  angularities  on  a  rigidly  supported  meter.  The  former 
readings  are  shown  in  Fig.  46,  by  crosses  (curve  F)  and  the 
latter  readings  by  circles  (curve  B) .  The  light  curves  A  and  E 
are  respectively  the  100  percent  circle  and  the  true  component 
circle  previously  mentioned. 

Pitot  tube  readings  were  taken  as  before  but  the  meter  was 
so  much  smaller  in  proportion  to  the  flow  area  that  no  differ¬ 
ence  could  be  distinguished  in  velocity  for  the  entire  range  of 
meter  position.  On  this  account  the  tube  readings  are  omitted 
so  as  not  to  complicate  the  figure. 
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Inspection  of  Fig.  46  shows  that  this  particular  form  of 
cup  is  of  such  design  as  to  closely  fulfill  the  conditions  of  Mr. 
Price’s  statement  given  above.  In  order  to  determine  the  ex¬ 
tent  to  which  “the  current  perturbations  moving  up  and  down 
in  the  vertical  plane”  offset  the  increase  in  meter  reading  due 
to  horizontal  perturbation  a  method  was  used  as  follows : 

From  the  general  form  of  curves  F  and  B ,  Fig.  46,  it  is 
evident  that  they  most  closely  follow  the  equation  of  an  el  ipse, 
the  intersection  of  the  axes  of  which  lies  at  0.  The  curve  must 
pass  thru  100  hence  the  only  unknown  in  the  equation  is  the 
semi  minor  axis. 

In  order  to  determine  the  most  probable  curve  the  method 
of  least  squares  was  resorted  to.  The  basic  equation  in  polar 
coordinates,  is 


(r  cos  a)2  .  (r  sin  a)2 


1002 


+ 


b2 


=  1 


Actually  this  should  be  in  the  form  representing  an  ellipsoid 
of  revolution  but  it  is  equally  accurate  and  much  more  simple 
to  work  in  a  single  plane,  in  which  b  alone  is  unknown.  Multi¬ 
plying  the  equation  thru  by  the  coefficient  of  b  substituting 
the  functions  of  the  various  angles  5°,  10°,  15°  etc.  up  to 
45°  together  wdth  the  corresponding  vectors  taken  from  curves  F 
and  B  we  arrive  at  a  series  of  equations  of  one  unknown.  Add- 
ing  all  these  equations  together  and  solving  for  b,  we  find  the 
probable  semi  minor  axis  to  be  70.7.  The  curve  or  ellipse  plotted 
on  this  basis  is  shown  as'C,  Fig.  46.  Inspection  shows  it  to  be 
a  fair  average  between  F  and  B  from  which  it  is  derived. 
Only  the  readings  up  to  45°  are  used  to  determine  it  as  this 
range  probably  covers  the  majority  of  flow  conditions  in  which 
meters  are  used. 

As  a  check  on  the  accuracy  of  the  method  the  summa- 
tion  wras  completed  from  O.to  45°  and  from  0  to  20°  separately. 
The  twTo  summations  checked  very  closely  in  fixing  the  value  of 
b,  but  the  figure  given  above  was  obtained  by  adding  the  45° 
value  to  twice  the  20°  value  and  dividing  by  3,  as  a  20°  varia¬ 
tion  is  a  more  common  limit  in  good  measuring  sections. 

Curve  C  is  of  little  value  except  that  it  is  shown  to  lie 
close  to  the  ideal  E.  To  show’  this  more  closelv,  the  above 
equation  was  rewritten  to  place  the  center  of  the  theoretical 
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ellipse  coincident  with  that  of  circle  E.  The  determination  made 
on  this  basis  gave  a  semi  axis  of  52.8,  the  ellipse  being  shown  as 
D.  If  this  semi-axis  were  50,  the  conclusion  that  curve  F 
exactly  offsets  B  for  this  velocity  (4  ft.  per  second),  would  be 
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justified.  It  is  noted  that  the  two  curves  D  and  C  practically 
coincide  up  to  angularities  of  about  25°. 

From  the  above  it  is  evident  that  the  modern  small  Price 
cup  type  meter  when  rigidly  supported  is  remarkably  accur¬ 
ate  in  giving  resultant  components  of  velocities  when  subjected 
to  flow  that  is  disturbed  uniformly  in  all  directions.  It  is 
equally  evident  that  a  preponderance  of  angularity  in  any  one 
direction  horizontally  or  vertically  will  cause  respectively  an 
over-registering  or  an  under  registering..  Considering  that 
horizontal  disturbances  are  ordinarily  caused  by  sides  of  chan¬ 
nels  and  vertical  disturbances,  if  any,  result  from  inequalities 
along  the  bottom,  it  becomes  evident  why  the  small  Price  meter, 
when  rigidly  supported,  registers  an  excess  velocity.  This  is 
particularly  true  in  turbine  work  where  the  measuring  section 
is  selected  upstream  from  the  turbine  and  adjacent  to  the  en¬ 
trance  to  the  channel.  The  effect  of  the  bottom  is  usually 
slight  while  there  is  a  decided  swirl  or  contraction  around  the 
upstream  edges  of  the  side  walls  or  piers.  As  these  walls  are 
vertical  the  resulting  angularities  of  flow  are  in  a  horizontal 
direction  and  produce  the  over-registering  effect  shown  in  curve 
B,  Fig.  46. 

The  general  conclusion  may  be  drawn  from  the  above  that 
even  the  best  cup  type  of  meter  should  preferably  be  used 
swinging  free  and  never  rigidly  supported  unless  it  was  known 
that  disturbances  were  uniformly  distributed  in  all  directions,  a 
condition  that  can  hardly  be  fulfilled  in  practical  work.  Fur¬ 
ther  the  large  Price  meter  should  always  be  used  swinging  free 
and  either  pattern  will  always  register  excess  velocity  when  so 
supported,  this  excess  depending  on  the  degree  of  disturbance. 
It  is  to  be  noted  in  this  connection  that  the  curves  of  Fig.  44 
and  Fig.  46  show  only  the  effect  of  angular  flow  and  do  not 
allow  for  the  additional  excess  registered  by  a  swinging  meter 
due  to  the  fact  that  it  has  imparted  to  it  more  or  less  side 
motion.  This  occurs  in  actual  use  in  disturbed  water  bv  reason 
of  the  location  of  the  meter  head  at  a  considerable  distance  from 
the  axis  of  support. 

On  the  basis  of  the  above  work  the  writer’s  conclusion  is  as 

follows : 

The  ideal  meter  is  one  which,  when  rigidly  supported  in 
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disturbed  water  will  register  only  true  components  of  velocity 
when  subject  to  flow  from  any  direction.  This  means  it  must 
have  identical  vertical  and  horizontal  characteristic  curves,  both 
of  which  correspond  to  curve  E,  Fig.  46.  To  permit  of  this  it  is 
evident  that  the  axis  of  rotation  must  coincide  with  the  normal 
direction  of  flow.  This  condition  at  once  limits  us  to  the  screw 
type  of  meter,  the  design  of  the  head  of  which  shall  be  such 
as  to  give  the  desired  true  components. 

Mr.  Robert  Linton  :*  As  bearing  on  the  question  of  the 
relative  accuracy  of  the  Pitot  tube  and  current  meter,  I  have 
among  my  notes  some  flow  records  that  were  called  to  my  at¬ 
tention  several  years  ago.  These  measurements  were  made  in 
connection  with  a  test  on  a  high  duty  pump  used  to  supply  an 
irrigation  system  in  Texas.  A  detailed  account  of  them  is  given 
in  the  Transactions  of  the  American  Society  of  Mechanical  En¬ 
gineers,  (vol.  28,  1907,  Test  of  a  Rotary  Pump  by  W.  B. 
Gregory)  but  they  may  be  sufficiently  interesting  to  allude  to 
briefly  again. 

The  Pitot  tube  measurements  were  taken  at  18  different 
points,  as  shown  by  the  circles  in  the  sketch,  Fig.  47.  The 
traverse  of  the  current  meter  was  as  shown  by  the  heavy  dotted 
lines.  It  will  be  noted  that  the  measurements  thus  taken  cover, 
quite  accurately,  identical  sections  of  the  stream  flowing  in  the 
flume.  The  current  meter  used  was  a  No.  31  Gurley. 

Nine  measurements  were  made  with  the  current  meter,  the 
instrument  being  passed  slowly  from  one  end  of  the  path  (indi¬ 
cated  by  the  dotted  line)  to  the  other,  the  average  length  of 
time  consumed  being  five  minutes.  Twelve  measurements  were 
made  with  the  Pitot  tube.  The  measurements  were  taken  alter¬ 
nately  with  each  type  of  instrument.  The  average  flow  indicated 
by  the  Pitot  tube  was  152,79  cu.  ft.  per  sec.  and  by  the  current 
meter  152.99  cu.  ft.  per  sec.  The  average  flow  indicated  by 
the  pump  displacement,  during  the  same  periods,  was  152.92 
and  152.90  cu.  ft.  per  sec.,  respectively. 

Assuming  that  the  flow  was  constant  it  would  appear  that 
quite  a  high  accuracy  is  attainable  Avith  either  method.  The 
results  emphasize  the  importance  of  taking  the  measurements 
in  such  a  way  as  to  secure,  as  nearly  as  possible,  an  average 

tMining  Engineer,  Pittsburgh. 
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cross  section  of  the  stream,  and  indicate  that  with  properly 
calibrated  instruments,  the  accuracy  of  the  results  is  directly 
dependent  on  using  such  an  average  cross-section.  In  the  dis¬ 
cussion  of  this  paper  Mr.  Gregory  stated  that  it  seemed  to 
him  probable  that  both  the  Pitot  tube  and  current  meter  were 
correct  within  1.5  percent. 


There  was  very  little  variation  in  the  rate  of  flow,  and  as 
the  flume  was  built  of  /4  in-  steel,  it  would  be  so  smooth  as  to 
reduce  friction  to  the  minimum.  These  conditions  would  nat¬ 
urally  facilitate  accuracy  in  the  measurements. 


Mr.  Herman  Bacharach:*  The  very  excellent  papers  of 
the  evening  have  given  us  valuable  information  in  regard  to  the 
measurement  of  the  flow  of  water  by  means  of  Pitot  tubes. 
Nothing  has  been  said  of  the  measuring  of  flow  of  gases  by 
means  of  Pitot  tubes  and,  therefore,  I  take  liberty  to  say  a 
few  words  on  this  feature. 

Since  the  subject  of  measuring  gas  by  means  of  Pitot  tubes 
is  so  exceedingly  large,  I  shall  not  go  into  detailed  description 
of  the  principle  and  design  of  the  Pitot  tube,  but  shall  speak 
shortly  on  the  practical  application  of  the  Pitot  tube  and  the 
recording  device  for  measuring  the  velocity  obtained  with  same. 

’Mechanical  Engineer,  Hartje  Building,  Pittsburgh. 
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At  some  future  date,  I  hope  opportunity  will  offer  itself  to  go 
deeper  into  this  subject. 

In  scientific  treatises  one  often  finds  the  statement  that 
Pitot  tubes  must  be  shaped  to  certain  exact  dimensions  in  order 

to  obtain  reliable  results.  While  this  is  true  for  scientific  tests, 
I  am  of  the  opinion  that  too  much  importance  is  laid  upon  this, 
and  the  man  who  could  make  good  use  of  the  tube  in  practice 
is  prejudiced  against  it  from  the  beginning. 
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TEST  MADE  BY  SEP. 
Fig.  48. 


The  table  of  velocities  herewith,  see  Fig.  48,  gives  the  results 
of  tests  made  with  various  shaped  tubes.  From  this  you  can 
see  that  the  results  obtained  with  the  different  types  show  little 
variation.  The  greatest  difference  is  shown  by  the  short  tube. 

Pitot  tubes  have  found  much  favor  in  Europe  but  Venturi 
tubes  seem  to  have  been  used  to  a  greater  extent  in  the  United 
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States.  However,  careful  tests  have  proven  that  the  accuracy 
of  the  Pitot  tubes  cannot  be  questioned,  and  their  popularity 
is  bound  to  increase. 

The  Pitot  tube  is  very  easy  to  install.  If  the  measurements 
are  to  be  taken  in  a  pipe  line,  it  is  a  simple  matter  to  boie  a 
hole  in  the  pipe  and  insert  the  tube  without  interruption  to  the 
gas  flow.  For  testing  purposes,  the  device  itself  is  very  con¬ 
venient  for  this  reason.  It  can  be  easily  removed  and  the  tubes 
at  all  times  kept  clean. 

It  is  very  essential  to  have  the  Pitot  tubes  so  constructed 
that  they  are  easily  installed  and  will  always  give  good  service. 
In  practice,  we  often  have  to  deal  with  unclean  gas.  The  Pitot 
tubes  should  be  so  built  that  all  clogging  can  be  prevented.  I 
shall  now  speak  of  some  tubes  which  are  designed  to  fulfill 

this  demand. 

The  Pitot  tube  shown  on  Fig.  49  is  mostly  used.  The  static 
plus  dynamic  pressure,  p  +  ch,  is  transmitted  through  the 
inner  tube  while  through  the  small  round  openings  the  static 
pressure,  p,  only  is  transmitted.  The  following  formula  is  used 
in  connection  with  this  tube : 

7  y2 

{p  +  c  h)  —  p  =  c  h  =  s 

in  which 

p  =  static  pressure  h  =  dynamic  pressure 

c  =  coefficient  v  =  velocity  of  gas 

=  1,0  s  =  specific  gravity  of  gas 

A  modification  of  the  above  Pitot  tube  is  shown  in  Fig.  50. 
It  is  designed  for  measuring  gases  of  a  temperature  above  1000 
deg.  Fahr.  The  static  and  dynamic  pressure  is  transmitted 
through  a  silica  tube  while  the  static  pressure  alone  is  trans¬ 
mitted  through  the  annular  space.  The  above  formula  holds 
good  also  for  this  tube. 

The  Pitot  tube  shown  in  Fig.  51  is  very  adaptable  for 
measuring  unwashed  gas  and  gas  of  low  velocity.  It  consists 
of  two  tubes,  one  with  its  opening  facing  the  current,  static  plus 
dynamic  pressure  p  +  c  h,  and  the  other  with  an  opening  in 
the  direction  of  the  flow,  static  minus  dynamic  pressure  p  —  ct  h. 
From  this  the  following  formula  can  be  derived : 
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hi  =  (p  +  ch)  —  (p  —  cji)  =  1.37  h  =  1.37  ~ —  s 

29 

in  which 

c  =  1.0  and  Ci  =  0.37 

This  formula  shows  that  this  Pitot  tube  magnifies  the  actual 
dynamic  pressure  37  percent. 

It  will  be  seen  from  the  figures  that  it  is  possible  to  slide 
the  Pitot  tube  across  a  diameter  of  the  main  gas  pipe  and  in 
this  way  get  readings  at  an  indefinite  number  of  points  along 
the  diameter  to  determine  the  mean  velocity  of  the  gas. 


Fig.  49. 


While  the  primary  device,  the  Pitot  tube  proper,  is  of  great 
importance,  the  device  for  indicating  or  recording  the  dynamic 
pressure  is  of  no  less  importance.  Such  an  instrument  should  be 
rigid;  should  need  but  little  attention  to  keep  it  in  working 
order;  and  its  readings  should  be  reliable  at  all  times.  Racks, 
pinions,  stuffing  boxes,  and  magnifying  levers  are  entirely 
avoided  in  the  instrument  shown  in  Fig.  52,  though  magnifica¬ 
tion  of  the  reading  is  almost  limitless,  in  some  cases  being  as 
high  as  50  times. 

This  instrument  consists  of  a  cylindrical  vessel  partly  filled 
with  water.  Into  this  water  is  immersed  a  hollow  bell  carrying 
a  float.  The  interior  of  the  vessel  is  shut  off  from  atmospheric 
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pressure  by  means  of  a  cylindrical  cover,  which  is  water  sealed. 

Communication  to  the  outside  of  the  tank  is  effected  through 
two  pipes.  One  pipe  leads  through  the  side  of  the  vessel  and  has 
its  opening  under  the  bell.  The  other  pipe  has  its  opening  in 
the  section  above  the  bell.  The  other  ends  of  the  two  pipes  are 
connected  to  the  device  producing  the  differential  pressure;  the 
pipe  giving  the  higher  pressure  opening  below  the  bell.  It  will 
be  seen  that  the  movement  of  the  bell  will  depend  on  the  pres¬ 
sure  difference  above  and  below  it. 


Fig.  50.  Fig.  51. 


The  motion  of  the  bell  is  carried  to  the  outside  drum  through 
a  small  rod.  This  rod  is  encased  in  a  small  tube  leading  from 
the  outside  of  the  vessel  and  ending  under  water,  again  making 
use  of  the  water  sealing  principle  for  bringing  the  movement 
to  the  outside  of  the  instrument.  A  pen  is  attached  to  the  end 
of  the  rod  and  the  vertical  motion  of  the  bell  is  recorded  on  the 
drum  located  at  the  top  of  the  vessel. 

There  are  two  valves  iii  the  pipes  connected  by  a  single 
lever  so  that  both  sides  of  the  bell  can  be  put  into  communi¬ 
cation  with  the  pressure  simultaneously.  A  small  valve  is  located 
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so  that  the  interior  of  the  instrument  can  be  placed  under  at¬ 
mospheric  pressure  by  opening  this  valve. 


Fig.  52. 


There  is  a  general  belief  that  reliable  results  are  hardly 
obtainable  since  the  devices  are  difficult  to  keep  in  good  working 
condition  for  any  length  of  time.  My  practical  experience  in 
this  line  has  shown  me  that  this  is  not  correct.  I  know  of  many 
plants  where  Pitot  tubes  with  recorders  have  been  in  con¬ 
tinuous  operation  for  several  years  with  practically  no  repair, 
and  are  giving  as  good  and  reliable  rseults  today  as  when  first 
installed. 

Mr.  W.  M.  White:*  The  Society  is  to  be  congratulated  up¬ 
on  securing  two  such  interesting  papers  upon  this  important 
subject  by  two  such  eminent  hydraulicians.  The  subject  mat¬ 
ter  of  these  papers  is  in  harmony  with  the  keynote  of  my  en¬ 
gineering  experience.  Fourteen  years  ago  I  was  confronted 
with  the  problem  of  measuring  a  large  quantity  of  water  for  the 
determination  of  the?  efficiency  of  a  centrifugal  pump.  The 
only  possible  means  of  measuring  this  quantity  appeared  to  be 
by  the  Pitot  tube,  on  account  of  the  arrangement  of  the  dis¬ 
charge  from  the  pump. 

Upon  reading  the  literature  on  the  subject,  I  found  a  dis- 

♦Manager  and  Chief  Engineer,  Hydraulic  Department,  Allis-Chalmers 
Manufacturing  Company,  Milwaukee,  WiS. 
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agreement  as  to  the  formula  to  be  used,  some  authorities  claim¬ 
ing  the  correct  formula  as 


and  other  equally  eminent  authorities  claiming  the  formula  as 


0 


The  matter  of  the  formula  seemed  to  be  fundamental  and  it 
occurred  to  me  to  determine  for  myself  the  true  relation  be¬ 
tween  the  head  and  the  velocity. 


Fig.  53.  Apparatus  for  Determining  Pressure  across  diameter  of  a 

Jet  at  high  velocity. 

The  simple  apparatus  used  to  settle,  at  least  to  my  mind, 
this  questions  was : 

A  large  box,  an  orifice  in  the  bottom  of  the  box  centrally  located. 
Means  of  supplying  a  steady  flow  of  water  into  t he  box. 

Baffles  in  the  box  and  over  the  orifice  to  prevent  eddies,  and  cross 
currents  causing  a  disturbance  of  the  jet  flowing  from  the  orifice. 
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A  glass  gauge  located  upon  the  side  and  connecting  to  the  box 
indicating  the  water  level  in  the  box. 

An  impact  pipe  located  in  the  jet  below  the  box. 

A  pipe  leading  to  a  gauge  glass  alongside  of  the  one  connecting  to 

the  box. 

Four  Pitot  tube  points  of  different  shapes:  sharp  pointed,  blunt 
point,  flat  and  funnel  shape. 

The  sharp  pointed  Pitot  tube  did  not  materially  disturb 
the  jet;  the  blunt  pointed  split  the  jet  into  a  funnel  shape,  the 
sides  of  the  funnel  extending  down ;  the  flat  plate  deflected  the 


Fig.  54.  Apparatus  for  Measuring  Static  Pressure  in  a  free  Stream. 

jet  from  downward  to  ninety  degrees  in  all  directions ;  the  fun¬ 
nel  shape  point  deflected  the  jet  into  a  funnel  shape  with  the 
sides  extending  upward.  Xo  matter  which,  one  of  the  above 
tubes  was  used,  nor  through  what  angle  the  jet  was  deflected 
the  pressure  within  the  impact  pipe  as  shown  by  the  level  of  the 
water  in  the  glass  gauge,  was  always  equal  to  the  level  of  the 
water  in  the  box,  allowance  being  made  tor  the  loss  of  \elocity 
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in  the  jet  due  to  air  friction.  The  impact  pipe  was  raised  and 
lowered  producing  less  and  greater  velocities  respectively,  but 
the  four  Pitot  Tube  Points  mentioned  above  always  transformed 
velocity  into  pressure  in  accordance  with  the  formula 


Further  experiments  were  made  by  moving  the  four  Pitot 
tube  points  in  a  canal  of  still  water  and  it  was  noted  that  the 
pressure  in  the  impact  pipes  leading  from  these  Pitot  tube 
points  caused  the  water  in  all  cases  to  rise  to  an  equal  level 
above  the  surface  of  thei  water  in  the  canal. 

Having  settled  in  my  own  mind  that  the  formula 


was  correct  for  the  point  of  the?  Pitot  tube,  I  then  found  it 
necessary  to  devise  a  means  of  getting  the  true  pressure  in  the 
water  at  or  near  the  point  of  the  Pitot  tube  in  order  to  deter¬ 
mine  the  increase  of  pressure  in  the  impact  pipe  caused  by  the 
velocity  striking  the  Pitot  tube  point  over  the  static  pressure 
in  the  pipe.  I  found  that  by  sharpening  a  small  rod,  drilling 
a  small  hole  at  right  angles  to  its  surface  some  distance  from 
the  point  connecting  these  cross  holes  to  the  center  of  the  pipe 
and  to  gauges  for  determining  the  pressure  and  by  placing  this 
pointed  rod  exactly  in  line  with  the  stream  flow,  that  one  could 
read  the  true  static  pressure  in  the  water  at  that  point.  By 
combining  any  one  of  the  Pitot  tube  points  outlined  above  and 
this  static  pipe,  I  secured  a  Pitot  tube  which,  when  placed  in 
undisturbed  water  flowing  in  parallel  stream  lines,  would  give 
the  true  velocity  when  the  readings  between  the  Pitot  tube  and 
the  pressure  were  reduced,  in  accordance  with  the  formula 


During  the  test  of  the  pump  referred  to  above  I  used  piezo¬ 
meter  openings  in  the  side  of  the  discharge  pipe  in  a  plane 
at  right  angles  to  the  pipe  and  passing  through  the  Pitot  tube 
point  to  give  the  static  pressure  within  the  pipe,  as  well  as 
using  the  sharp  pointed  rod  described  above.  1  found  that  the 
velocity  at  the  center  of  the  pipe  did  not  produce  a  lower  pres- 
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sure  than  existed  at  the  sides  of  the  pipe;  in  other  words,  the 
pressure  in  the  water  formed  in  a  pipe  measured  along  a  di¬ 
ameter  of  the  pipe  remains  the  same  even  though  the  velocity 
at  the  center  of  the  pipe  is  much  greater  than  that  at  the  sides. 

I  do  not  agree  with  Mr.  Gardner  S.  Williams  when  he  makes 
the  statement  that  the  pressure  in  the  water  measured  along  the 
diameter  of  the  pipe  is  not  the  same  but  varies  in  accordance 
with  Bernoulli’s  Law.  It  seems  to  the  writer  that  this  is  not  a 


case  of  the  application  of  Bernoulli's  theorem.  As  stated  above 
all  experiments  which  the  writer  has  made  confirm  his  opinion 
that  the  pressure  across  a  diameter  is  the  same.  Mr.  Williams 
has  contended  that  the  reason  why  a  pointed  rod  or  plate  with  * 
piezometer  openings  does  not  show  less  pressure  at  the  center 
of  the  pipe  wdiere  the  velocity  is  high  is  because  the  velocity  of 
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the  water  along  the  rod  or  plate  is  reduced  by  friction  until  the 
velocity  at  the  piezometer  openings  of  this  sharpened  rod  or 
plate  is  the  same  as  the  velocity  near  the  walls  of  the  pipe,  where 
one  would  ordinarily  measure  the  static  pressure  within  the 
pipe,  and  consequently  in  accordance  with  Bernoulli’s  theorem 
the  pressures  would  be  the  same. 


HEAD 


■nurse 


Fig.  56.  Static  Head  in  Jet  from  a  3%  inch  Disk  Nozzle. 

This  is*a  very  ingenious  contention  advanced  by  Mr.  Will¬ 
iams  and  deserves  our  every  consideration.  The  papers  of  Messrs. 
Moody  and  Groat  are  so  thorough  that  I  do  not  believe  there 
will  be  any  further  questions  as  to  the  formula  of  the  Pitot 
tube  point.  It  is  to  be  hoped  that  all  hydraulicians  may  soon 
reach  an  agreement  upon  this  point  raised  by  Mr.  Williams. 

In  an  attempt  to  settle  this  point,  I  offer  the  results  of  tin* 
following  simple  experiments  which  have  been  made  since  the 
reading  of  Messrs.  Moody’s  and  Groat's  papers  and  were  made 
for  the  purpose  of  submitting  in  this  discussion. 

Rather  than  describe  the  apparatus,  I  will  refer  to  Figs. 
53  and  54. 


Fih  QtipL  Bimaitm 


Art  i  nr  Jtr  ar /uvr  &B  Pr.flt*  Sxc. 


i'!7 

ti . ' 

•il; 

M 

— t- 

— '  . 

r— f~L» 

n:::: 

lr*j 

Fig.  58.  Static  Head  in  Jet  from  a  4%  inch  Converging  Nozzle 
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Iii  Fig.  53  provision  is  made  for  discharging  a  4y«  in.  jet  of 
water  with  a  velocity  as  high  as  30  ft.  per  second,  tin*  discharge 
taking  place  vertically  downward. 

In  apparatus  as  shown  in  Fig.  54  provision  is  made  to  dis¬ 
charge  a  jet  of  water  at  various  velocities  as  high  as  50  feet  per 
second  through  3%  in.  disc  nozzle.  A  sharpened  rod  ,7,.  in.  dia., 
shown  on  Fig.  55.  having  holes  about  two  hundredths  of  an 


inch  in  dia.  drilled  about  seven  inches  hack  from  the  point,  is 
held  in  the  stream.  These  piezometer  openings  are  connected  by 
piping  and  glass  tubing,  as  indicated  in  the  cut.  The  sharp¬ 
ened  rod  is  held  and  adjusted  in  the  stream  by  a  threaded  rod. 
as  shown  to  the  left  of  the  sharpened  rod  in  Figs.  53  and  54. 

The  object  of  these  experiments  was  to  determine  the  pres¬ 
sure  within  a  jet  of  water  at  high  velocity  and  more  particular¬ 
ly  to  determine  whether  the  velocity  along  the  sharpened  rod  at 
the  piezometer  holes  affected  the  pressure  reading  at  that  point. 
It  would  seem  that  if  Mr.  Williams’  contention  is  correct,  we 
should  obtain  a  different  pressure  reading  when  we  change  tin* 
velocity  on  the  sharpened  rod  at  the  piezometer  opening  relative 
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to  the  velocity  of  the  jet.  I  believe  I  obtained  this  relative 
change  of  velocity  at  the  piezometer  openings  by  moving  the 
point  of  the  sharpened  rod  up  into  the  nozzle  so  that  a  portion 
of  the  rod  was  in  an  area  of  low  velocity ;  therefore,  the  velocity 
of  the  water  on  the  rod  at  the  piezometer  opening  should  be 
different  on  account  of  the  loss  of  friction  along  the  rod  from 
the  point  to  the  piezometer  openings  now  having  been  changed. 


Fig.  60.  Static  Head  in  Jet  from  a  4%  inch  Converging  Nozzle 


The  piezometer  openings  in  the  sharpened  rod  were  placed 
in  various  positions  with  reference  to  the  face  of  the  nozzle 
and  in  some  instances  allowed  to  pass  beyond  the  face  of  the 
nozzle  into  the  pipe  itself.  In  no  instance,  however,  was  there  a 
result  obtained  which  would  justify  Mr.  Williams’  contention. 
Attention  is  called  to  the  fact  that  the  plottings  as  shown  in  the 
illustrations  are  made  to,‘  “inches  of  water”,  whereas  actual 
velocity  head  of  the  jet  in  some  instances  was  as  high  as  40  feet. 

Figure  56  would  seem  to  indicate  a  slight  difference  in 
pressure  between  the  center  of  the  jet  and  its  outer  edges.  We 
may  be  reasonablv  sure,  however,  that  the  velocity  was  the  same 
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across  the  jet  as  a  traverse  made  by  the  small  Pitot  tube,  Fig. 
53,  showed  the  same  velocities  across  the  jet. 

Figure  57  shows  the  pressure  under  varying  velocities  and 
Fig.  58  shows  the  pressure  in  the  jet  issuing  from  a  4 in. 
diameter  converging  nozzle. 

It  will  be  noted  that  in  Figs.  58,  59,  60  and  61  the  pres¬ 
sure  in  the  water  dropped  to  atmospheric  just  at  the  edge  of  the 
nozzle.  I  cannot  account  for  the  increase  of  pressure  in  the  jet 
after  it  has  left  the  nozzle,  unless  it  be  surface  tension  on  the  jet, 


Fig.  61.  Curve  showing  Change  in  static  Head  along  Axis  of  Stream 

issuing  from  a  Nozzle. 

or  particles  of  air  being  released  from  the  water  after  sudden 
decrease  of  pressure,  and  this  air  tending  to  shove  out  the  sides 
of  the  jet,  thereby  producing  a  slight  pressure  at  the  center. 

From  these  illustrations  it  is  evident  that  there  is  no  drop 
in  pressure  due  to  the  high  velocity,  and  certainly  no  such  drop 
as  would  lead  one  to  believe  Bernoulli’s  theorem  could  be  ap¬ 
plied  in  determining  the  pressure  across  a  diameter  of  a  pipe 
filled  with  flowing  water. 
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The  above  data  is  presented  without  full  analysis  but  it 
seemed  advisable  to  at  least  give  the  illustrations  here  in  order 
that  they  may  be  recorded  with  the  other  matter  on  the  sub¬ 
ject  of  the  Pitot  tube. 

Mr.  J.  N.  Chester  •*  These  papers  have  been  to  me  ex¬ 
tremely  interesting,  and  to  the  best  of  my  knowledge  give  for 
the  first  time,  in  print,  the  development  of  the  formulas  govern¬ 
ing  Pitot  tube  measurements,  but  I  have  been  struck  most  forci¬ 
bly  by  the  claims  made  for  the  accuracy  of  this  type  of  measure¬ 
ment,  wherein  one  of  the  speakers  recites  his  efforts  to  ascertain 
by  Pitot  tube  measurement  the  efficiency  of  turbines  to  within 
a  small  fraction  of  one  percent,  which  is  an  attempted  precision 
far  beyond  what  I  had  ever  hoped  for  or  presumed  such  a  form 
of  measurement  capable  of  producing. 

While  I  agree  with  one  of  the  authors  in  his  statement  “that 
the  Pitot  tube  is,  perhaps,  capable  of  more  general  application 
than  any  other  form  of  velocity  measurement  and  furnishes  one 
of  the  most  useful  tools  which  the  engineer  can  command,”  yet 
I  cannot  agree  as  aforesaid  with  his  ideas  of  the  accuracy  of 
such  instruments;  for  as  he!  says,  water  flowing  in  a  pipe  or 
channel  does  not  move  in  smooth  streams,  nor  does  the  velocity 
at  any  given  point  remain  constant,  but  is  full  of  local  whirls 
and  vortices. 

One  picture  thrown  on  the  screen,  during  the  delivery  of 
the  papers  referred  to,  illustrated  a  large  penstock  wherein,  in 
order  that  the  Pitot  tube  could  reach  the  middle  of  same  and 
also  across  for  the  traverse,  the  photograph  shows  that  it  became 
necessary  to  insert,  just  back  of  the  tube,  a  frame  work  which 
must  naturally  set  up  the  eddies  above  referred  to,  and  how  an 
accuracy  of  measurement  within  one  percent  under  such  con¬ 
ditions  can  be  expected  is  more  than  1  can  conceive. 

In  my  own  practice  where  I  have  had  opportunities  of 
calibrating  such  instruments,  I  have  always  been  well  content 
to  find  them  within  one  or  two  percent,  and  I  do  not  feel  that 
the  usefulness  of  this  instrument  is  in  the  least  impaired  by 
the  fact  that  no  greater  accuracy  can  be  attained  for  it. 

♦Consulting  Engineer,  Chester  and  Fleming,  Sanitary  Engineers,  Union 
Bank  Building,  Pittsburgh. 
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Prof.  Lewis  F.  Moody  :*  The  mass  of  material  collected  in 
this  discussion  is  so  extensive  that  the  writer  cannot  attempt  to 
give  adequate  consideration  to  the  great  number  of  points  which 
deserve  comment.  Contributions  from  authorities  on  the  par¬ 
ticular  subjects  treated  have  been  presented  by  Mr.  Clemens 
Herschel,  on  the  Venturi  meter;  Dr.  N.  C.  Grover,  on  the  cur¬ 
rent  meter;  Mr.  Edward  S.  Cole  on  the  Pitometer;  much  inter¬ 
esting  and  valuable  data  has  been  furnished  by  Prof.  Chas.  M. 
Allen  on  the  rating  of  Pitot  tubes;  Messrs.  E.  II.  Brown  and  F. 
Nagler  on  the  characteristics  of  the  cup  type  of  current  meter; 
Mr.  Robert  Linton  on  comparative  measurements  by  Pitot  tube 
and  current  meter;  Mr.  Herman  Bacharach  on  the  use  of  the 
Pitot  tube  with  gases.  Mr.  Thomas  P.  Roberts  has  recounted 
some  notable  experiences  in  the  measurement  of  river  discharge 
and' has  discussed  the  rationality  of  the  Pitot  tube  in  principle. 
The  discussions  of  Messrs.  Morris  Knowles,  Wm.  Kent,  Gardner 
Williams,  Wm.  M.  White;  and  the  initial  papers  of  Mr.  Groat 
and  the  writer,  all  refer  mainly  to  the  Pitot  tube  and  the  hy¬ 
draulic  laws  involved  in  its  action. 

Several  of  the  discussions  have  opened  up  questions  involv¬ 
ing  some  of  the  most  fundamental  laws  of  hydraulics.  The 
divergent  views  held  by  many  engineers  in  regard  to  some  of 
these  questions  present  a  curious  situation,  the  explanation  of 
which  may  lie  in  the  fact  that  many  of  the  phenomena  of  hy¬ 
draulics,  while  apparently  simple  are  really  complex,  and  the 
further  fact  that  our  present  knowledge  of  hydraulics  is  large¬ 
ly  empirical  and  is  not  held  together  by  an  adequate  and  sys¬ 
tematic  theory.  Considering,  for  instance,  certain  contentions 
advanced  by  Mr.  Williams  in  his  notable  discussion,  which  it  will 
be  well  to  take  up  first,  it  should  be  remembered  that  while  the 
same  views  are  held  by  some  other  engineers,  there  are  also  advo¬ 
cates  of  the  opposite  conclusions.  These  differences  are  so  radi¬ 
cal  that  it  is  important  for  us  to  give  them  careful  consideration. 
I  may  say  at  the  outset  that  I  am  strongly  of  the  opinion  that 
certain  of  these  contentions  are  wrong;  but  when  they  are  ad¬ 
vanced  by  an  engineer  of  Mr.  Williams’  standing,  the  matter  is 
made  doubly  difficult. 

Mr.  Williams  refers  to  the  theory  of  the  Pitot  tube,  as  ap¬ 
plied  to  the  measurement  of  pipe  discharge,  given  by  him  in 

♦Authors  Closure. 
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the  American  Civil  Engineer’s  Pocketbook.  This  theory  is  based 
on  the  assumption  that  water  flowing  in  a  straight  uniform  pipe 
is  subject  to  a  considerable  variation  in  static  pressure  at  differ¬ 
ent  points  in  a  transverse  section,  so  that  the  pressure  at  the 
center  of  the  pipe  is  materially  different  from  the  pressure  at 
the  pipe  walls.  I  have  heard  this  proposition  advanced  by  some 
other  engineers;  and  have  also  known  other  advocates  of  Mr. 
Williams ’  second  assumption,  namely:  that  the  amount  of  varia¬ 
tions  of  the  pressure  at  any  two  points  of  a  cross  section  can  be 
calculated  by  saying  that  the  pressure  head  plus  the  velocity 
head  at  one  point  is  equal  to  the  pressure  head  plus  velocity 
head  at  any  other  point,  a  so-called  application  of  the  Bernoulli 
theorem.  My  own  position  is  that  while  a  difference  between  the 
pressures  at  center  and  wall  of  a  pipe  is  conceivable  if  there  ex¬ 
ists  an  axial  rotation  of  the  water  in  the  pipe;  still,  I  hold  that 
even  if  such  a  difference  exists,  there  is  no  basis  either  in  theory 
or  fact  for  assuming  the  magnitudes  of  the  pressures  to  be  con¬ 
nected  by  the  above  relation. 

It  is  probable  that  irregularities,  such  as  bends,  in  a  pipe 
may  set  up  a  certain  amount  of  rotation  of  the  stream  about  the 
pipe  axis;  but  in  a  long  straight  pipe  such  rotation  would  be 
soon  destroyed  by  friction.  It  is  possible  that  a  slight  rotation 
in  the  immediate  neighborhood  of  the  pipe  axis  may  persist  in 
the  straight  pipe;  (See  Prazil  “Hydrodynamik”)  but  there  is 
no  experimental  evidence  of  any  appreciable  amount  of  rotation. 
Such  rotation  would,  of  course,  involve  centrifugal  forces  which 
would  reduce  the  pressure  at  the  axis  and  raise  the  pressure  at 
the  pipe  wall;  but  it  is  readily  established  by  turning  a  Pitot 
tube  at  different  inclinations  in  a  pipe  that  the  tube  gives  its 
maximum  reading  when  parallel  to  the  pipe  axis,  thus  indicating 
that  there  is  no  persistent  whirl  or  rotation. 

With  water  flowing  without  a  rotation  of  the  stream  as  a 
whole  although  subject  to  local  disturbances,  the  following  con¬ 
siderations  are  of  interest.  The  late  Professor  Spangler  of  the 
University  of  Pennsylvania  used  to  teach  that  if  water  flow¬ 
ing  in  a  straight,  uniform  pipe  or  channel  were  subject  to  pres¬ 
sure  of  different  intensity  at  the  center  and  periphery  of  a  given 
transverse  section  of  the  stream,  the  necessary  result  would  be 
a  flow  from  the  high  point  to  the  low.  Since  a  continuous  flow 
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from  the  walls  of  the  pipe  toward  the  center  would  have  to  be 
neutralized  by  an  equal  flow  of  the  displaced  water  from  the 
center  to  the  walls,  no  such  inequality  of  pressure  could  remain 
permanent. 

Some  experimenters  have  apparently  detected  variations  of 
pressure  across  a  pipe,  as  in  the  tests  described  by  Mr.  W  illiams. 
This  result  may  be  accounted  for  by  the  difficulty  in  obtaining 
reliable  instruments  to  record  the  static  pressure  in  a  moving 
stream,  as  will  be  explained. 

I  would  like  to  quote  from  a  letter  referring  to  this  subject 
written  by  Mr.  H.  Birchard  Taylor*,  in  reply  to  a  communi¬ 
cation  from  another  engineer  describing  the  results  of  tests 
made  with  a  piezometer  placed  at  different  positions  in  a  pipe, 
similar  to  the  experiment  of  Mr.  "Williams: 

“Tests  were  made  some  years  ago  by  the  Mississippi  1\ iver  Lorn- 
mission  in  connection  with  hydraulic  dredges,  in  which  traverses  across 
a  section  of  a  pipe  by  means  of  a  piezometer  were  made  and  checked 
against  piezometer  readings  secured  by  tapping  into  the  sides  of  the 
pipe.  There  were  found  to  agree  exactly.” 

“We  have  also  had  occasion  to  make  traverses  by  means  of  Pitot 
tubes  in  a  pipe  in  the  laboratory  at  the  University  of  P ennsylvania, 
where  it  was  possible  to  actually  weigh  the  water  flowing  in  automatic 
weighing  tanks  as  a  check  against  the  Pitot  tube.  The  quantity  of 
water  flowing  in  the  pipe  as  determined  by  the  Pitot  tube  agreed  almost 
exactly  with  that  determined  by  the  weighing  tanks.  If  the  pressure 
had  been  less  in  the  center  of  the  pipe  than  at  the  walls  of  the  pipe, 
there  would  have  been  a  discrepancy  in  these  two  results. 

“I  believe  that  the  whole  proposition,  as  far  as  the  experimental 
side  is  concerned,  depends  upon  the  form  of  the  piezometer  used  in 
the  traverses.  If  the  piezometer  is  such  as  to  create  an  eddy,  such  eddy 
acting  on  the  piezometer  opening,  a  suction  action  will  occur  at  the 
opening,  which  action  will  be  greater,  the  greater  the  velocity.  I  here- 
fore,  as  we  approach  the  axis  of  the  pipe  from  the  outside  and  en¬ 
counter  increasingly  higher  velocities,  this  suction  would  gradually  in¬ 
crease  and  the  tests  would  apparently  indicate  that  the  pressure  is 
lower  in  the  center  of  the  pipe  than  that  at  the  periphery.  ’ 

“We  all  know  that  most  of  the  early  tests  with  Pitot  tubes  were 
made  with  the  static  opening  located  on  some  part  of  the  instrument 
making  the  traverse,  rather  than  on  the  wall  of  the  pipe.  Results 
taken  with  tubes  of  this  form  were  so  incorrect  and  variable  that  care¬ 
ful  investigation  was  made  by  a  number  of  engineers  to  determine  the 
reason  for  this  condition.  This  investigation  resulted  in  the  discovery 

♦Hydraulic  Engineer  of  the  I.  P.  Morris  Co.,  Philadelphia,  Pa. 
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of  the  fact  that  the  Pitot  tube  proper,  which  reads  the  pressure  head 
plus  the  velocity  head,  was  of  such  a  form  as  to  create  a  disturbance 
in  the  water,  and  that  this  disturbance  was  felt  at  the  static  or  pres¬ 
sure  opening.” 

The  Mississippi  River  Commission  tests  referred  to  are  de¬ 
scribed  in  Reports  of  Efficiency  Tests  of  Hydraulic  Dredges, 
(1903),  as  follows: 

“Tube  No.  9  was  then  inserted  into  the  same  vertical  section  as  the 

piezometer  and  with  the  point  of  the  tube  at  the  center  of  the  pipe. 

The  static  side  was  in  turn  connected  with  each  piezometer  through  a 

differential  gauge  and  in  no  case  could  any  difference  of  pressure  be 

observed.  The  pressure  given  by  the  four  piezometers  and  the  static 

side  of  the  tube  was  exactly  the  same.” 

*/ 

“This  experiment,  with  some  others  taken  with  the  point  of  the 
tube  at  different  points  along  the  diameter  of  the  pipe,  shows  in¬ 
cidentally  that  the  pressure  is  the  same  throughout  any  section  across 
a  pipe  and  that  the  Bernoulli  theory  is  not  true  when  applied  to  a 
section.” — From  report  of  F.  B.  Maltbj^. 

“It  was  also  shown  that  the  pressure,  obtained  by  means  of  a 
piezometer  at  the  outside  of  a  straight  pipe  in  which  water  is  flowing 
is  precisely  the  pressure  of  the  entire  cross  section  of  the  pipe,  cor¬ 
rected,  of  course,  by  height  of  point  considered;  and  that  it  agreed 
exactly  with  the  static  side  of  a  properly  constructed  Pitot  tube  at  that 
section.  That  in  a  straight  pipe  a  Pitot  tube  can  be  used  with  impact 
opening  only  and  static  pressure  obtained  by  means  of  a  carefully  in¬ 
serted  piezometer  at  outside  of  pipe,  is  thus  clearly  shown.” — From 
report  of  W.  B.  Gregory. 

In  an  article1'  by  Prof.  A.  H.  Gibson  of  Manchester,  which 
has  appeared  since  the  papers  under  discussion  were  presented, 
are  the  following : 

“A  here  the  Pitot  tube  is  to  be  used  for  pipe  flow  some  observers 
have  used  a  plain  impact  tube  for  the  velocity  head,  taking  the  pressure 
from  an  orifice  in  the  wall  of  the  pipe  itself  in  the  plane  of  the  im¬ 
pact  orifice.” 

“In  the  ease  of  a  smooth  straight  pipe  there  is  little,  if  any,  direct 
experimental  evidence  as  to  the  variation  of  pressure  across  a  diameter. 
If  any  such  differences  exist  they  must,  however,  be  extremely  small, 
and  such  impact  tubes  as  have  been  used  in  this  manner  have  in  gen¬ 
eral  shown  values  of  C  sensibly  equal  to  unity.*  For  small  pipes  of 
smooth  bore  this  method  of  measuring  pressure  is  preferable  to  any 
other. 

fThe  Development  and  Theory  of  the  Pitot  Tube,  The  Engineer, 
(London),  July  10,  1914,  page  29;  and  July  17th,  page  59. 

*C,  in  the  formula  v  —  C  \/  2gh. 
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Whether  an  appreciable  pressure  variation  exists  or  not.  it 
is  difficult  to  conceive  of  this  variation  reaching  the  amount  re¬ 
quired  by  the  relation  assumed  by  Mr.  Williams.  If  the  velocity 
adjacent  to  the  pipe  wall  is  one-half  that  at  the  center,  which  is 
a  fair  approximation  in  most  cases,  then  the  velocity  head  at  tin* 
wall  is  one-quarter  of  that  at  the  center;  and  the  pressure  would 
have  to  vary  to  the  extent  of  three-quarters  of  the  velocity  head 
at  the  center  of  the  pipe,  or  more  than  the  head  corresponding 
to  the  mean  velocity. 

More  important  than  any  of  the  above  considerations,  how¬ 
ever,  is  the  question:  Is  it  correct  to  equate  the  sum  of  the 
velocity  and  pressure  heads  at  one  point  in  a  stream  to  the  sum 
of  the  velocity  and  pressure  heads  at  another  point?  This  is 
presented  as  an  application  of  the  Bernoulli  theorem ;  so  that  it 
will  be  well  to  investigate  this  claim. 

My  conception  of  the  Bernoulli  theorem  is  that  it  is  the 
application  to  hydraulics  of  the  law  of  conservation  of  energy 
and  nothing  more.  The  total  energy  contained  by  the  water 
flowing  past  a  given  section  of  a  stream  is  given  by  the  sum  ot. 
the  velocity,  pressure  and  elevation  heads  multiplied  by  the 


weight  of  water  passing  the  section.  When  the  same  water 
reaches  another  section  of  the  stream,  it  will  have  lost  a  certain 
amount  of  energy  which  has  been  dissipated  in  heat,  or  lost  in 
what  we  call  friction.  Then  we  can  write 


+  hp1  +  zx 


+  hp2  +  22 ) 


in  which  hL  is  the  head  lost  by  the  water  in  flowing  from  the  first 
to  the  second  section.  As  originally  proposed  by  Bernoulli,  the 
term  was  absent,  and  the  formula  was  applicable  to  a  perfect 
fluid  only;  but  in  the  above  form  it  is  applicable  to  actual  and 
not  merely  to  ideal  conditions. 

If  water  enters  a  pipe  from  a  reservoir  in  which  the  velocity 
is  zero,  the  total  initial  energy  contained  by  each  unit  weight  ot 
water  is  given  by  the  elevation  of  the  water  surface  in  the  reser¬ 
voir;  and  if  there  were  no  loss  of  energy,  as  is  imagined  in  the 
case  of  the  perfect  fluid,  all  particles  would  contain  equal  ener¬ 
gies  at  all  parts  of  the  stream  and  we  could  apply  the  Bernoulli 
formula  with  the  7i,  term  omitted  between  any  two  particles,  in 
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relative  positions  either  up  and  down  or  across  the  stream — or, 
if  all  particles  should  suffer  the  same  loss  of  energy  before  reach¬ 
ing  a  given  transverse  section,  then  we  could  again  apply  the 
same  form,  of  the  theorem  between  particles  at  various  points 
in  the  section,  such  as  at  the  center  and  ends  of  a  diameter  of 
the  pipe/  Both  of  these  cases,  however,  represent  imaginary  and 
not  actual  conditions. 

Every  particle  of  water  is  actually  losing  energy  as  it  flows 
along  a  channel,  due  to  impact  and  rubbing  on  neighboring  par¬ 
ticles.  This  loss  arises  primarily  from  the  tangential  “fric¬ 
tional”  resistance  between  the  column  of  water  filling  the  pipe 
and  the  pipe  wall.  If  all  the  water  in  the  pipe  were  to  flow  at 
the  same  velocity,  the  column  would  advance  as  a  solid,  and  all 
the  loss  of  energy  would  be  confined  to  the  particles  in  contact 
with  the  wall.  Actually,  however,  the  outer  particles  are  re¬ 
tarded  and  rub  on  the  neighboring  particles  nearer  the  axis.  The 
outermost  particles  continually  receive  energy  from  the  portion 
of  the  stream  nearer  the  axis,  this  energy  keeping  them  in  motion 
in  spite  of  the  resistance  of  the  wall.  The  energy  which  is  trans¬ 
mitted  to  the  outermost  particles  is  lost  by  the  particles  nearer 
the  axis,  which  in  turn  ‘receive  energy  from  those  next  within ; 
so  that  there  is  a  continuous  flow  of  energy  from  the  center  of 
the  pipe  toward  the  walls.  The  particles  at  the  center  of  a 
given  section  have  not  yet  lost  as  much  energy  as  those  near  the 
walls,  so  that  the  velocity-head  of  the  portion  of  the  stream  near 
the  axis  plus  the  pressure-head  at  that  point  is  always  greater 
than  the  velocity-head  plus  the  pressure-head  near  the  walls, 
instead  of  the  two  sums  being  equal. 

That  this  deduction  is  actually  as  well  as  theoretically  cor¬ 
rect  is  convincingly  demonstrated  by  placing  a  Pitot  tube  at 
different  points  in  a  transverse  diameter  of  a  pipe.  Since  the 
tube  records  the  sum  of  the  pressure  and  velocity  heads,  if  this 
sum  were  constant  across  the  pipe,  the  tube  would  show  no 
variation ;  but  as  we  know,  the  tube  registers  much  greater  val¬ 
ues  in  the  center  than  at  the  walls. 

In  the  endeavor  to  obtain  further  experimental  verification 
of  the  non-variation  of  pressure  across  a  uniform  pipe,  (al¬ 
though  the  point  seems  to  be  well  established),  the  writer  has 
suggested  the  problem  for  laboratory  experiments  by  students. 
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A  number  of  designs  of  piezometer  have  been  constructed  and 
before  applying  them  to  the  measurement  of  pressure  in  a  pipe, 
the  behavior  of  the  piezometers  themselves  has  been  investigated. 
So  far  the  results  have  been  unsatisfactory,  since  no  form  of 
piezometer  has  been  found  which  is  sufficiently  reliable  for  the 
purpose. 

The  investigation  was  made  by  inserting  the  instrument  in 
an  open  jet,  in  the  neighborhood  of  the  “vena  contracta”  or 
slightly  beyond,  at  a  point  where  the  flowr  lines  are  parallel  and 
the  pressure  is  atmospheric.  Most  of  the  instruments  tried  show 
a  certain  amount  of  “aspiration  effect”  or  reduction  of  pres¬ 
sure  due  to  the  velocity  of  the  water,  as  mentioned  by  Mr.  Taylor 
in  the  passage  quoted. 

The  best  form  of  instrument  is,  perhaps,  a  flat  plate  held 
parallel  to  the  current  or  a  pointed  cylinder  with  small  pres¬ 
sure  openings  in  the  cylindrical  portion.  In  order  to  keep  the 
plate  small  enough  to  avoid  distortion  of  the  lines  of  flow  in 
the  pipe,  the  instrument  is  rendered  sensitive  to  slight  changes 
of  direction ;  so  that  the  pressure  recorded  is  a  better  indication 
of  the  angle  at  which  the  plate  is  placed  than  it  is  of  the  actual 
static  pressure.  Perhaps  the  piezometer  tube  used  by  the  Mis¬ 
sissippi  River  Commission  is  as  satisfactory  as  any. 

The  best  form  of  piezometer  utilizes  the  pipe  wall  itself 
as  the  guiding  surface,  the  pressure  being  taken  from  orifices 
carefully  drilled  in  the  wall,  as  described  in  the  original  paper. 

Even  if  a  correct  static  piezometer  is  used,  there  will  still 
be  found  a  difference  between  the  still-water  and  moving-water 
ratings  of  the  Pitot  tube,  due  to  the  turbulence  in  the  water. 
The  reason  for  this  difference,  the  extent  of  it  and  the  method 
of  determining  it,  are  the  chief  points  discussed  in  the  writer  s 
paper;  the  paper,  therefore,  furnishes  the  explanation  ol  Mr. 
Williams’  first  point,  where  he  states  that  he  has  failed  to  obtain 
agreement  between  the  two  ratings.  Mr.  Williams’  experiments, 
therefore,  confirm  the  writer’s  conclusions,  but  not  exactly  tor 
the  reason  he  suggests. 

The  paper  of  Prof.  Gibson  gives  further  confirmation  ot 
this  point : 

“Without  exception,  observers  have  found  that  a  still-water  rating 
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gives  the  higher  values  of  C* ,  indicating  that  with  a  given  mean  rela¬ 
tive  velocity  of  water  and  tube  the  pressure  in  the  orifice  is  greatest 
when  the  water  is  in  motion.” 

Mr.  Williams’  second  point  raises  a  question  as  to  the  ac¬ 
curacy  obtainable  with  the  Pitot  tube.  Mr.  White  has  answered 
this  point.  The  writer  might  call  attention  to  the  fact  that  all 
the  refinements  which  have  been  applied  to  the  method  of  using 
the  tube  have  varied  the  coefficient  from  unity  by  so  small  a 
percentage  that  the  instrument  still  furnishes  an  almost  abso¬ 
lute  means  of  measuring  velocity.  It  is  not  necessary  to  rate 
Pitot  tubes,  because  we  now  have  sufficient  knowledge  to  be  able 
to  estimate  the  corrections  which  must  be  applied  without  any 
further  rating.  Under  stream-line  flow  conditions  the  coeffi¬ 
cient  is  exactlv  unity ;  and  with  considerable  amounts  of  turbu- 
lence  the  correction  is  within  3  percent.  If,  under  usual  con¬ 
ditions  of  pipe  flow,  a  coefficient  between  0.975  and  0.98  is  chosen, 
it  is  unlikely  that  errors  of  one-lialf  of  one  percent  could  exist. 
To  quote  again  from  Prof.  Gibson : 

“In  the  majority  of  cases  a  reduction  of  3-percent  in  the  true 
value  of  C  would  give  fairly  accurate  results  and  where  the  instrument 
cannot  be  rated  under  conditions  similar  to  those  in  which  it  is  to  be 
used,  some  such  correction  should  be  made.” 

Aside  from  the  doubt — which  may  easily  be  expressed — 
regarding  the  accuracy  of  this  method,  the  writer  has  been  sur¬ 
prised  at  the  reason  which  Mr.  Williams  gives  for  questioning 
the  results.  Air.  Williams  savs:  “When  we  come  to  think  that 
in  gaugings  by  either  of  those  devices  (Pitot  tube  or  current 
meter)  there  is  occupied  at  the  very  best  perhaps  10  percent  of 
the  area  of  the  stream  to  measure  its  velocity,  we  are  hardly 
warranted  in  saying  that  we  know  enough  about  the  other  90 
percent  of  the  area  to  be  within  one  percent  of  the  actual  dis¬ 
charge.’’ 

The  curious  aspect  of  this  objection  is  that  it  will  apply 
equally  well  to  very  nearly  every  sort  of  engineering  measure¬ 
ment.  How  do  we  measure  the  output  of  an  electrical  generator  ? 
By  taking  wattmeter  readings  at  intervals  throughout  a  test,  the 
actual  time  covered  by  a  single  reading  being  perhaps  a  second, 
while  readings  may  be  taken  only  once  in  from  one  to  five 

*C  in  the  formula  v  —  C  p  2gh. 
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minutes.  Yet  we  are  not  surprised  when  the  average  of  a  num¬ 
ber  of  such  readings  closely  checks  an  integrating  wattmeter 
determination  covering  the  entire  time.  In  testing  a  steam  en¬ 
gine  we  may  take  indicator  cards  at  intervals  of  15  minutes, 
each  card  representing  a  fraction  of  a  second  of  actual  time; 
vet  if  the  load  is  reasonably  steady,  we  would  see  no  necessity 
for  installing  a  continuous  indicator  to  cover  every  instant  ot  a 
test  of  long  duration.  In  determining  the  heating  value  ot  a 
carload  of  coal,  it  is  satisfactory  to  take  samples  representing 
points  distributed  throughout  the  mass.  1  he  amount  ot  coal 
actually  tested  may  be  only  a  gram,  but  this  will  give  us  an 
accurate  determination  of  the  heating  value  without  the  neces¬ 
sity  of  burning  the  whole  carload. 

The  objection  quoted  applies  to  any  test  in  which  we  take 
instantaneous  readings  to  represent  performance  over  a  period  of 
time  or  in  which  analysis  is  made  of  samiples  to  represent  a 
mass;  and  almost  the  entire  held  of  engineering  testing  is  covered 
in  just  this  way.  When  Pitot  tube  measurements  are  plotted  in  a 
curve  and  the  curve  is  found  to  be  smooth  and  continuous 
through  all  the  points  of  measurement,  is  it  a  fact  that  the 
measurements  represent  only  the  area  covered  by  the  tip  ot  the 


tube  or  do  they  give  us  a  very  reliable  indication  of  what  is 
happening  over  the  entire  section  ?  There  is  small  doubt  that 
if  we  used  many  times  the  number  of  points,  we  should  not 
alter  the  result.  Actually,  of  course,  we  do  not  try  to  use  a  large 
Pitot  tube  covering  a  wide  area,  but  we  try  to  keep  the  tube 
within  the  smallest  practical  limits  in  order  to  avoid  distortion 
of  the  How  which  we  wish  to  investigate. 

1  am  glad  that  Mr.  Williams  has  introduced  these  subjects 
for  discussion,  and  1  hope  that  the  discussion  will  go  tar  toward 
settling  some  of  the  mooted  questions  which  have  long  troubled 
engineers.  1  am  indebted  to  Mr.  Williams  tor  his  endorsement 
of  my  main  conclusions  regarding  the  coefficient  of  the  tube. 
In  the  brief  but  convincing  discussion  by  Mr.  Morris  Knowles, 
we  have  valuable  experimental  data  and  well-founded  theoretical 
explanations  confirming  some  of  the  more  important  contentions 
of  the  writer.  In  view  of  the  considerations  advanced  by  Messrs. 
Groat,  Knowles,  Kent  and  White,  as  well  as  the  authorities 
quoted  above  by  the  writer,  and  giving  due  attention  to  the 
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opposing  views  of  Mr.  Williams,  it  would  seem  that  the  main 
conclusions  are  well  established.  The  hope  expressed  by  Mr. 
White  that  the  problem  of  the  Pitot  tube  may  at  last  be  defi¬ 
nitely  settled  certainly  appear  to  be  justified. 

Mr.  Kent  asks  on  which  side  of  the  Pitot  tube  formula  the 
coefficient  used  by  the  writer  should  appear.  It  is  probable  that 
this  has  not  been  clearly  indicated  in  the  typewritten  form  of 
the  paper;  but  it  will  be  evident  that  the  formula  should  be 

v  =  k  V  2gh 

for  turbulent  water,  k  being  less  than  unity  under 
ordinary  conditions.  The  explanation  of  the  fact  that  the  tube 
apparently  reads  more  than  the  head  corresponding  to  the  ve¬ 
locity,  as  pointed  out  by  Mr.  Kent,  is  also  given  in  the  paper.  The 
tube  does  not  read  more  than  the  full  oblique  velocity  impinging 
on  it,  but  it  registers  enough  of  the  oblique  velocity  to  raise 
its  recorded  pressure  above  that  which  would  be  produced  by 
only  the  normal  component  which  we  wish  to  measure. 

Touching  briefly  on  a  few  points  in  the  various  discussions, 
chosen  more  or  less  at  random  I  note  the  following : 

Referring  again  to  the  work  of  Mr.  Knowles,  I  would  call 
attention  to  his  curve  of  velocities  across  a  y2  in.  jet  at  the  con¬ 
tracted  vein,  under  high  heads.  This  curve  is  equivalent  to  that 
given  by  the  writer  for  a  2f4  in.  jet  under  a  low  head,  except 
that  the  latter  curve  is  plotted  on  a  distorted  base  scale — dis¬ 
tances  from  the  axis  of  the  curve  representing  the  squares  of  the 
corresponding  distances  in  the  jet — while  Mr.  Knowles’  curve 
is  drawn  to  natural  scale.  If  the  two  curves  are  plotted  in  the 
same  way  and  reduced  to  equivalent  conditions,  they  would 
appear  to  be  almost  capable  of  being  superposed.  The  portions 
of  the  curve  near  the  sides  are,  of  course,  exaggerated  in  the 
writer’s  method  of  plotting.  I  do  not  quite  follow  the  reason 
for  Mr.  Knowles  having  plotted  the  curve  in  inclined  lines  at 
each  side,  as  if  the  velocity  were  zero  at  the  surface  of  the  jet. 
Of  course,  the  Pitot  tube  will  read  less  and  less  as  it  is  with¬ 
drawn  from  the  water ;  but  the  curves  should,  I  think,  have  been 
drawn  so  as  to  intersect  the  end  ordinates  at  a  point  above  the 
base  line.  This  is,  however,  a  point  of  little  significance  and 
merely  refers  to  the  drawing  of  the  curve. 


DISCUSSION — PITOT  TUBE  PAPERS  BY  MOODY  AND  GROM  451 

Mr.  Linton’s  comparison  of  measurements  made  by  Pitot 
tube  and  current  meter  for  determining  pump  discharges  is  in¬ 
teresting.  The  use  of  a  single  transverse  with  the  instrument 
over  a  zigzag  path  covering  the  entire  flume  is  open  to  some 
slight  criticism  when  the  greatest  accuracy  is  required,  since  it 
is  generally  recognized  as  not  giving  as  good  a  determination 
as  either  separate  vertical  traverses  or  point  measurements. 

The  method  shown  mixes  with  the  horizontal  traverses  por¬ 
tions  of  vertical  traverses  at  points  of  low  velocity  at  the  sides 
of  the  channel.  The  better  method  permits  the  discharge  to  be 
obtained  by  planimeter  from  plotted  curves  of  velocity  which 
thus  allows’  the  variation  of  velocity  to  be  taken  into  account  by 
drawing  smooth  curves  through  the  measured  points.  The  le- 
sults  show  that  the  current  meter  indicated  slightly  more  quan¬ 
tity  than  the  tube;  and  that  they  both  fell  slightly  below  the 
pump  displacement.  This  would  appear  to  indicate,  if  the  meter 
was  of  the  cup  type,  and  if  the  pump  displacement  given  is  the 
'  gross  amount  not  corrected  for  slip,  that  a  small  correction  for 
pump  slip  would  bring  both  results  in  close  harmony  with  the 
papers  under  discussion. 

Referring  to  the  discussion  presented  by  Mr.  Herschel,  the 
writer  would  like  to  state  that  he  has  great  confidence  in  the 
Venturi  meter  when  it  is  possible  to  apply  it.  The  A  enturi 
meter,  like  the  Pitot  tube,  is  based  on  a  rational  principle ;  and 
the  experimental  coefficient  which  must  be  used  in  connection 
with  it  is  close  to  unity,  this  coefficient  being  in  almost  exact 
agreement  with  that  used  with  the  Pitot  tube.  There  are  doubt¬ 
less  many  places  where  Venturi  meters  could,  be  installed  and 
where  these  would  provide  the  simplest  method  of  measurement, 
but  there  are  many  more  cases  where  the  conditions  are  such  1h.it 
it  would  be  difficult  or  impossible  to  use  them. 

Few  Venturi  meters  have  been  used  in  connection  with  hy¬ 
draulic  power  plants,  for  instance.  In  considering  the  compara¬ 
tive  merits  of  the  Venturi  meter  and  Pitot  tube,  it  should  be 
remembered  that  the  installation  of  a  Venturi  meter  in  a  pen¬ 
stock  involves  a  certain  loss  of  head,  bor  example,  in  the 
Tallulah  Falls  plant  of  the  Georgia  Railway  &  Power  Company, 
which  is  the  only  example  which  occurs  to  me  where  the  Ven¬ 
turi  meter  has  been  used  for  this  purpose,  a  rough  calculation 
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shows  that  the  meter  should  cause  a  loss  of  head  amounting  to 
more  than  a  half  of  one  percent  of  the  effective  head  on  the  plant. 
Although  this  loss  is  small,  it  represents  a  loss  of  power  which 
goes  on  day  after  day  during  the  life  of  the  plant. 

A  I  it  of  tube  outfit  may  be  installed  for  the  time  occupied 
bv  the  tests  and  then  removed,  and  at  no  time  does  it  cause  a 
loss  of  head  which  is  capable  of  calculation.  A  slight  additional 
expense  involved  in  the  Pitot  tube  method  of  test  would  be  in¬ 
significant  in  comparison  with  the  cost  of  power  lost.  The  in¬ 
stallation  of  a  temporary  Venturi  meter  would  hardly  appear  to 
be  practicable  in  the  case  of  most  large  developments,  and  its 
cost  would  certainly  be  much  in  excess  of  that  involved  in  the 
Pitot  tube  method. 

1  note  Mr.  Herschel  s  remark  in  connection  with  wTeir  meas¬ 
urements  that  the  Fteley  &  Stearns  formula  :‘asks  the  Engineer 

to  add  linear  feet  to  cubic  feet  per  second.”  This  formula  is  in 
the  form, 

Q  =  3.31  L  H\  +  0.007  L 

•  ^  fi 

If  the  last  term  contained  simply  the  symbol  “L”  without  the 
coefficient,  this  criticism  would  be  justified ;  but  if  the  coefficient 
represents  discharge  per  foot  of  crest,  which  it  undoubtedly 
does,  the  above  remark  has  no  force. 

In  connection  with  the  Pitot  tube  Mr.  Herschel  criticises 
the  method  of  attempting  to  place  the  Pitot  tube  at  a  point  in 
the  pipe  cross-section  at  which  the  velocity  is  the  same  as  the 
mean  velocity  in  the  pipe.  This  criticism  is  a  very  proper  one, 
and  for  the  reason  which  he  states  this  particular  method  of 
aPPbriGg  the  Pitot  tube  lias  not  been  recommended  by  the 
writer  and  in  fact,  is  not  used  in  important  measurements.  Mr. 
Herschel  states  that  Ordinary  Pitot  tube  or  Pitometer  gaug- 
ings  are,  therefore,  approximations  only.”  The  same  statement 
applies  to  any  physical  measurement. 

In  connection  with  the  Venturi  meter  it  may  be  said  that 
Prof.  Allen’s  use  of  Pitot  tubes  placed  at  the  throat  section  of 
a  Venturi  meter  is  an  interesting  combination  of  the  twro  methods 
and  it  would  be  desirable  to  see  it  further  applied. 

Referring  to  Mr.  Cole’s  interesting  discussion,  the  writer 
has  always  favored  the  use  of  a  simple  Pitot  tube  in  preference 
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to  the  Pitonneter  for  the  reason  that  the  simple  tube  used  in  con¬ 
nection  with  a  reliable  static  piezometer  approaches  very  closely 
to  an  absolute  instrument,  requiring  no  calibration  and  applic¬ 
able  with  correction  factors  so  near  unity,  that  the  field  of  pos¬ 
sible  error  is  quite  narrow.  The  Pitot  tube  has  the  further  ad¬ 
vantage  that  the  correction  factors  have  been  definitely  deter¬ 
mined,  and  tlie  characteristics  of  the  tube  have  been  thoroughly 
investigated. 

The  reversed  tube  used  with  the  Pitometer  is.  open  to  sus¬ 
picion.  The  writer  considers  it  to  be  unreliable,  particularly 
under  low  pressures,  and  has  investigated  its  behavior  in  an 
open  jet  under  atmospheric  pressure.  These  tests  showed  that 
the  reversed  tube  gave  in  various  tests  two  distinct  sets  of  co¬ 
efficients,  this  change  in  the  coefficient  being  produced  by  un¬ 
known  causes,  such  as  perhaps  the  entrapping  of  air  in  the  low- 
pressure  space  behind  the  tube.  In  a  pipe  in  which  there  exists 
a  high  vacuum  it  would  be  impossible  for  the  reversed  tube  to 
show  the  same  proportionate  amount  of  reduction  in  pressure 
that  it  would  record  under  ordinary  conditions,  since  it  would 
have  to  record  pressures  less  than  absolute  zero.  I  would  like 
to  quote  Prof.  Gibson's  remarks  concerning  the  Pitometer  ar¬ 
rangement  : 

“Although  the  increased  head  reading  is  an  advantage,  such  tubes 
are  not  altogether  successful.  In  the  most  favorable  circumstances  the 
negative  head  fluctuates  within  wide  limits  owing  to  the  periodic 
growths  and  break  away  of  eddies  behind  the  tube,  and  the  values  of  C 
obtained  during  a  rating  vary  much  more  than  in  the  more  usual 
type  of  tube.” 

Owing  to  lack  of  more  thorough  knowledge  of  the  details 
of  the  tests  which  Mr.  Cole  mentions,  I  am  not  able  to  analyze 
the  results.  Whether  the  agreement,  within  one  percent,  of  the 
two  measurements  which  were  made  under  different  conditions 
of  turbulence  or  oblique  flow  was  due  to  the  obliquity  being  only 
sufficiently  different  in  the  two  cases  to  call  for  a  one  percent 
variation,  or  to  some  other  characteristic  of  the  Pitometer  which 
has  tended  to  offset  a  wider  divergence  in  results,  I  cannot  say. 
I  shall  be  glad  to  see  further  experimental  investigation  of  this 
instrument. 

In  reading  Professor  Allen’s  discussion  account  should  be 
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taken  of  the  fact  that  the  coefficient  there  referred  to  is  that 
corresponding  to  the  expression 


This  coefficient  is,  therefore,  the  square  of  the  reciprocal  of  the 
coefficient  appearing  in  the  writer’s  paper,  and  C  in  Professor 
Gibson’s  paper  quoted  above.  This  brings  Professor  Allen  in 
agreement  with  Professor  Gibson  and  the  writer  when  he  states : 

“From  all  of  the  experiments  made  in  still  water  with  the  same 
instruments,  the.  coefficients  are  higher  in  value  in  every  case  than  with 
moving  water  ratings  to  the  extent  of  from  3  to  5  percent.” 

These  results  would  correspond  to  the  coefficients  of  my 
paper  being  from  1^  to  percent  lower  in  running  (turbu¬ 
lent)  water  than  in  still  water.  It  may  be  safely  assumed  that 
there  will  be  much  less  variation  of  the  coefficient  from  unity 
when  the  tube  is  placed  at  the  throat  of  a  Venturi  meter  than 
when  it  is  placed  in  a  straight  pipe. 

The  valuable  investigation  by  Messrs.  Brown  and  Nagler 
of  the  characteristics  of  the  large  and  small  types  of  Price  meter 
are  of  great  interest.  They  have  brought  out  the  fact  that  the 
large  Price  meter  behaves  even  worse  when  subjected  to  veloci¬ 
ties  inclined  in  the  vertical  plane  than  it  does  under  horizontal 
lateral  velocities ;  this  result  was  expected  by  the  writer,  but  the 
extent  of  this  peculiarity  is  surprising,  and  indicates 
that  the  large  Price  meter  is  a  very  unreliable  instrument ;  the 
discontinuance  of  its  use  by  the  Geological  Survey,  as  reported 
by  Dr.  Grover,  is  justified.  The  results  reported  by  Messrs. 
Brown  and  Nagler  in  the  case  of  the  small  Price  meter  are  still 
more  surprising,  although  the  investigation  has  been  made  be¬ 
fore.  The  following  table  I  have  computed  from  tests  made  by 
Mr.  Rumpf  and  reported  in  his  Thesis,  and  the  results  are  in 
close  accord  with  those  of  Messrs.  Brown  and  Nagler.  These 
were  still-water  ratings  of  the  small  Price  meter  inclined  in  the 
vertical  plane,  and  each  result  represents  the  average  of  at  least 
four  runs : 
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Vertical  Angles 


Horizontal  Angles 
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In  explanation  of  this  table  it  may  he  said  that  if  the  meter 
is  to  read  correctly,  its  revolutions  in  the  inclined  position  should 
fall  off  in  proportion  to  the  cosine  of  the  angle  of  inclination; 
at  the  two  inclinations  given  its  revolutions  actually  decrease 
in  the  ratios  0.968  and  0.952,  which  are  97.9  and  97.3  percent 
of  what  it  ought  to  record ;  the  effects  of  the  vertical  obliquities 
given  are  therefore  to  make  the  meter  read  2.1  percent  and  2.7 
percent  too  low.  Since  the  average  effect  of  horizontal  obliqui¬ 
ties  in  both  directions  is  not  to  reduce  the  revolutions  at  all,  the 
effects  of  the  same  horizontal  angles  are  to  make  the  meter  read 
too  high  by  1.1  percent  and  2.3  percent  respectively.  The  effect 
of  turbulence  on  the  small  Price  meter  will,  therefore,  as  men¬ 
tioned  by  these  investigators,  be  dependent  on  the  prevalence  of 
vertical  or  horizontal  cross-currents  or  disturbances  in  the  stream; 
so  that  while  this  meter  is  likely  to  give  much  better  results  than 
the  large  Price  meter,  its  performance  is  still  to  a  great  ex¬ 
tent  problematical. 

This  discussion  has  already  extended  to  such  a  length  that 
it  will  be  impossible  to  give  due  consideration  to  Mr.  Groat’s 
valuable  paper ;  but  the  writer  feels  that  little  need  be  said  in 
this  connection  on  account  of  the  substantial  agreement  of  the 
two  papers  on  all  essential  points.  The  writer  believes  Mr. 
Groat’s  derivation  of  the  Pitot  tube  formula  to  be  in  full  accord 
with  his  own.  The  recent  paper  by  Prof.  Gibson  considers 
theoretically  the  case  of  a  sharp-edged  tube  such  as  tubes  “C” 
and  (approximately)  “ D”  of  the  writer’s  paper.  The  theoretic 
coefficient  deducted  by  Gibson  for  this  case  is  slightly  less  than 
unity  in  the  formula 


# 


h  =  k 


2g 
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corresponding  to  a  coefficient  slightly  greater  than  unity  in  the 
formula  used  by  the  writer.  Referring  to  the  results  given  for 
tubes  “C”  and  “D”  when  held  in  the  straight  position,  it  will 
be  seen  that  this  conclusion  is  in  agreement  with  the  tests.  The 
slight  excess  of  the  coefficient  over  unity  was  attributed  to  ex¬ 
perimental  inaccuracy;  but  this  would  indicate  that  the  results 
are  probably  correct,  and  that  a  pointed  tube  reads  slightly  too 
low,  when  there  is  no  turbulence. 

The  theory  given  by  the  writer  applies  properly  to  blunt¬ 
faced  tubes  or  plates  having  a  small  hole  or  orifice;  and  in  this 
case  both  theory  and  test  prescribe  a  coefficient  of  unity,  or  the 

tube  obeys  the  law  v  =  V  2gh  when  the  end  of  the  tube  is  nor¬ 
mal  to  the  flow.  Professor  Gibson  states  in  this  connection  that : 


“If  a  flat  surface  of  the  same  area  as  the  end  of  the  impact  tube 
be  exposed  to  the  normal  impact  of  a  current,  the  pressure  at  the  center 
of  its  front  face  is  undoubtedly  equal  to  v2  -f-  2g.  At  this  point  the 
central  filament  divides,  the  velocity  must  be  zero,  and  the  pressure  is 
in  excess  of  that  at  a  point  where  the  velocity  is  v  by  an  amount  cor¬ 
responding  to  the  head  equivalent  of  this  velocity'.” 

The  experiment  made  by  Professor  A.  M.  Greene,  Jr.  and 
the  writer  at  the  Rensselaer  Polytechnic  Institute,  referred  to 
in  the  note  on  page  338  of  Mr.  Groat’s  paper,  may  be  briefly 
described : 

A  long  arm  is  mounted  on  a  vertical  shaft,  which  is  driven 
through  worm  gearing  by  a  motor,  so  that  the  arm  rotates  in  a 
horizontal  plane.  The  purpose  of  the  apparatus  is  the  calibra¬ 
tion  of  anemometers;  but  provision  has  been  made  for  attach¬ 
ing  Pitot  tubes  to  the  end  of  the  arm.  The  Pitot  tube  can  thus 
be  moved  at  high  speeds  in  a  circular  path  of  large  radius ;  the 
tube  being  subject  to  the  impact  of  the  air.  The  apparatus  is 
somewhat  similar  to  that  used  by  Prof.  Allen  for  ratings  in 
water.  The  tube  can  be  turned  so  that  its  face  is  normal  to  the 
direction  of  motion.  The  pressure  produced  in  the  Pitot  tube 
is  recorded  by  a  sensitive  fluid  gauge  of  the  inclined  tube  type, 
communicating  with  the  tube  by  way  of  the  hollow  shaft  and 
arm  of  the  instrument.  No  stuffing-box  is  used,  but  a  water  seal 
is  arranged  so  that  leakage  is  entirely  prevented.  When  the 
arm  is  rotated,  the  pressure  recorded  by  the  gauge  is  that  pro¬ 
duced  by  the  Pitot  tube  minus  the  centrifugal  pressure  of  the 


DISCUSSION — PITOT 


TUBE  PAPERS  BY  MOODY  AND  GROAT  45/ 


column  of  air  in  the  arm.  The  head  corresponding  to  this  cen¬ 
trifugal  pressure  amounts  to 


in  which  v,  is  the  velocity  of  the  point  of  the  tube  and  r„  that 
of  the  inner  end  of  the  column  where  the  pressure  is  taken  off. 


In  this  case  v0  =  0. 

It  was  found  by  experiment  that  when  the  Pitot  tube  was 
adjusted  with  its  axis  truly  tangential  to  its  path,  the  pressure 
recorded  by  the  gauge  was  zero,  showing  that  the  tube  gave  suf¬ 
ficient  pressure  exactly  to  balance  the  centrifugal  pressure;  so 
that  the  head  given  by  the  tube  is  vr  -i-  2g.  When  the  tube  was 
turned  at  various  angles,  the  pressure  dropped  off,  and  the  gauge 


gave  negative  readings.  The  instrument  can 
high  velocities  and  its  pressure  indications  are 


be  used  for  quite 
sensitive  to  slight 


variations. 

The  above  test  therefore  furnishes  a  good  check  on  the  Pitot 


tube  formula. 

The  experiments  at  Massena  described  by  Mr.  Groat  show 
that  the  Pitot  tube  is  less  affected  by  turbulence  than  either  of 
the  types  of  current  meters  used.  Beyond  this  conclusion,  the 
writer  does  not  believe  that  any  inferences  regarding  the  exact 
coefficient  of  the  tube  should  be  drawn  from  the  tests  described. 
The  method  of  taking  readings  of  the  Pitot  tube  pressures  was 
criticised  at  the  time  of  the  tests,  and  while  it  seemed  sufficiently 
reliable  to  indicate  the  form  of  the  velocity  curve  of  the  stream 
in  the  neighborhood  of  the  wall  and  bottom  of  the  channel,  which 
was  the  purpose  intended,  it  certainly  did  not  give  evidence  ol 
securing  an  accurate  discharge  measurement.  The  extreme 
oscillation  of  the  gauge  column,  coupled  with  probable  errors  of 
observation  due  to  the  attempt  to  estimate  an  average  leading, 
would  certainly  cast  doubt  on  the  wisdom  of  relying  on  the 

results  within  several  percent. 

Further  light  could  be  thrown  on  this  work  by  the  calcula¬ 
tion  of  the  probaible  error  of  the  result  as  deduced  from  the 
variations  of  individual  readings.  The  writer  does  not  think 
that  the  slight  variation  of  the  coefficient  from  unity  is  ot  am 
significance,  nor  does  he  believe  it  can  be  safely  concluded  liom 
these  tests  that  the  tube  reads  either  slightly  too  high  or  slightly 
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too  low ;  in  fact,  he  is  rather  surprised  at  the  fairly  good  agree¬ 
ment  of  the  Pitot  tube  results  with  the  current  meter  measure¬ 
ments,  in  view  of  the  adverse  conditions. 

The  above  criticism  is  made  along  the  lines  of  Mr.  Groat’s 
own  statements ;  and  is  not  intended  to  reflect  on  his  methods  in 
the  least.  The  current  meter  measurements  at  Massena  were 
made  with  the  greatest  care  and  rank  with  the  best  work  which 
has  ever  been  done  in  this  department. 

Regarding  the  subject  of  standing  waves,  which  Mr.  Groat 
introduces,  I  am  in  full  agreement  with  Mr.  Groat’s  conclusion 
that  the  Merriman  formula  is  defective  in  principle;  but  I  can 
see  no  error  in  Unwin’s  method  or  formula.*  The  writer  hopes 
to  be  able  to  secure  experimental  data  on  this  subject  in  the 
future,  however,  and  will  not  consider  it  further  at  present. 

A  brief  discussion  recently  submitted  by  Mr.  J.  N.  Chester 
calls  attention  to  the  fact  that  it  is  necessary  when  using  the 
Pitot  tube  in  large  penstocks  to  install  a  number  of  bars  and 
braces  to  support  the  tube.  This  supporting  frame  is  so  de¬ 
signed  as  to  offer  little  resistance  to  the  flow,  and  it  presents 
an  area  normal  to  the  flow  which  is  small  compared  to  the  area 
of  the  penstock.  The  Pitot  tube  projects  upstream  from  the 
frame;  and  it  is  well  known  that  disturbances  in  a  stream  do 
not  extend  far  in  a  direction  opposite  to  the  current.  In  very 
large  penstocks,  the  frame  consists  of  two  perpendicular  bars 
upon  which  the  tubes  run,  with  the  addition  of  lateral  stays 
which  brace  these  bars  at  points  between  the  ends  and  center. 
If  the  frame  affected  the  Pitot  tube  reading  at  all,  this  effect 
should  be  noticeable  in  local  disturbances  of  the  reading  in  the 
neighborhood  of  the  lateral  stay  bars.  No  such  effect  has  ever 
been  detected,  nor  has  the  frame  been  found  to  have  anv  in- 
fluence  on  the  measurement  as  a  whole  when  the  discharge  is 
checked  by  a  weir. 

A  supplement  to  Mr.  White’s  discussion  has  just  been  re¬ 
ceived  which  gives  the  results  of  some  interesting  tests  on  the 
static  pressures  in  large  open  jets.  The  piezometer  used  by  Mr. 

hite  indicates  pressures  so  near  to  that  of  the  atmosphere  that 
the  variations,  when  compared  with  the  total  velocity  head  in 
the  jet,  are  insignificant.  The  writer  is  inclined  to  think  that 

*The  Unwin  formula  is  correctly  stated  by  Mr.  Groat,  but  as  printed  in  the 
1908  edition  of  the  Encyclopedia  Brittanica  a  typographical  error  appears. 
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the  small  variations  noted  are  due  to  a  tendency  of  the  piezo¬ 
meter  to  register  a  slight  positive  velocity  effect;  but  whatever 
the  cause  of  the  variations,  the  main  points  advanced  by  Mr. 
White  are  well  established.  The  gauge-glass  readings  in  this 
experiment,  it  may  be  noted,  are  subject  to  a  small  correction 
for  capillarity.  This  correction,  if  it  has  not  already  been  ap¬ 
plied.  will  reduce  the  recorded  static  head  by  0.074  inch,  as 

roughly  figured. 

Mr.  Bacharach  mentions  the  ease  with  which  Pitot  tubes 
can  be  constructed  and  applied,  and  reliable  results  obtained. 
In  this  connection  it  may  be  pointed  out  that  most  of  the  ques¬ 
tions  under  discussion  relate  to  refinements  in  the  use  of  the 
tube  involving  possible  errors  of  one  or  two  percent.  For  many 
engineering  applications  such  errors  are  not  worth  discussing 
and  it  is  a  strong  argument  in  favor  of  the  Pitot  tube  that 
almost  any  sort  of  tube  installed  in  the  manner  described  by  the 
•  writer,  namely  in  conjunction  with  a  static  piezometer-opening 
in  the  channel  wall,  will  give  results  correct  within  two  or  at 
most  three  percent;  and  if  a  coefficient  such  as  is  indicated  by 
the  methods  of  the  paper— values  between  0.975  and  0.98  having 
been  mentioned  as  applying  to  average  conditions— then  the  user 
of  this  method  will  be  unlikely  to  go  wrong,  and  can  rely  on  his 
results  being  well  within  one  percent  of  the  truth. 

When  the  Pitot  tube  is  applied  with  care  the  method  is 
capable  of  giving  results  correct  within  a  small  fraction  of  a 
percent.  The  I.  P.  Morris  Company  has  been  using  the  methods 
outlined  above  in  the  testing  of  turbines  for  many  years  and 
there  have  been  repeated  opportunities  of  comparing  the  results 
of  different  tests.  In  one  case  for  instance,  eleven  different 
measurements  of  the  water  quantity  dischaiged  b>  a  turbine 
at  a  given  gate-opening  were  made,  using  different  sets  of  ob¬ 
servers,  the  tests  being  made  on  different  days;  the  maximum 
variation  of  any  one  result  from  the  average  being  between  a 
quarter  and  a  half  of  one  percent.  Even  this  small  variation 
cannot  be  wholly  attributed  to  the  water  measurement  since  it 
might  much  more  probably  be  caused  by  variations  in  setting 
the  turbine  gates.  Many  experiences  of  this  kind  have  inspired 
a  good  deal  of  confidence  in  the  method  used. 
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Mr.  Benjamin  F.  Groat:*  Professor  Moody  presents  a 
most  able  paper  describing  a  very  complete  series  of  experiments 
upon  Pitot  tubes.  The  experiments  in  which  the  tube  was  turned 
at  an  angle  with  the  motion  are  of  even  greater  importance  than 
the  usual  ratings.  Such  tests  give  a  very  clear  idea  of  what  is 
lo  be  expected  of  a  tube  when  observed  in  turbulent  water,  the 
eftects  of  which  do  not  seem  to  have  been  thoroughly  investigated 
heretofore.  The  rise  of  the  curve,  for  this  case,  above  the  curve 
of  resolved  components  points  to  a  coefficient  less  than  unity 
lor  flat  faced  tubes  in  perturbed  water. 


I  his  is  in  agreement  with  the  writer’s  experiments  at  Mas- 
sena,  for  the  coefficient  changed  from  a  value  greater  than  unity 
in  the  lower  parts  of  the  tail  race  where  the  flow  was  very  uni¬ 
form,  to  a  value  less  than  unity  in  the  upper  parts  of  the  race 
where  there  was  considerable  turbulence.  In  this  connection  it 
is  of  interest  to  note  that  the  Pitot  tube  employed  was  of  the 
same  general  design  as  tube  “Ar”  described  in  Mr.  White’s  • 
paper  which  has  already  been  mentioned.  The  dynamic  orifice 
was  simply  the  end  of  a  >4 -inch  gas  pipe  filed  flat  upon  the  end 
so  as  to  form  a  plane  surface  perpendicular  to  the  axis  of  the 
pipe.  Applying  Professor  Moody’s  reasoning  and  the  results 
of  his  tests,  a  tube  of  this  design  should  give  excessive  velocities 
in  turbulent  water  if  the  coefficient  unity  is  applied. 

Professor  Mopdy’s  suggestion  that  the  degree  of  turbulence 
lna-v  measured  by  means  of  the  relative  performance  of  two 
dissimilar  tubes  suggests  further  to  the  writer  that  an  instru¬ 
ment  for  measuring  turbulence  might  easily  be  designed  by 
having  two  such  tubes  and  a  static  orifice  combined  in  one  in¬ 
strument.  An  instrument  of  this  kind  would  serve  for  deter¬ 
mining  average  Pitot  tube  heads  and  the  degree  of  turbulence 
at  the  same  time.  The  proper  coefficient  to  be  applied  to  the 
average  head  might  be  read  from  a  turbulence  curve  and  imme¬ 
diately  be  applied  with  the  head  readings  to  determine  velocities 
Evidently  tubes  “B”  and  “C”  would  serve  this  purpose  well. 

Professor  Moody’s  theory  of  the  Pitot  tube  is  substantially 
the  same  as  that  of  the  writer,  the  main  difference  being  one  of 
algebra  rather  than  of  principle.  Both  theories  are  identical 
with  the  theory  of  the  frictionless  fluid  presented  in  treatises  on 
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hydrodynamics  where  the  variation  of  pressure  along  a  stream¬ 
line  is  investigated,  thus  giving  proof  of  Bernoulli’s  theorem. 
This  theorem,  though  accepted  in  the  case  of  water  flowing 
through  a  pipe,  seems  to  have  been  rejected  by  a  number  of 
writers  in  the  case  of  the  Pitot  tube.  It  was  that  latter  fact 
which  caused  the  writer  to  insert  the  word  “fallacies’ ’  in  t he 
title  of  his  paper. 

The  investigations  of  the  effects  of  turbulence  upon  the 
various  forms  of  velocity  meters  which  have  been  conducted  by 
Professor  Moody  are,  indeed,  timely.  The  demands  for  a  higher 
degree  of  accuracy  in  turbine  testing  and  the  increasing  value 
of  the  bonus  and  liquidated  damages  clauses  in  turbine  contracts, 
render  it  imperative  that  hydraulic  engineers  standardize  their 
methods  of  testing.  Hitherto  these  methods  in  America  have 
been  very  unsatisfactory,  to  say  the  least.  It  is  not  too  much 
to  say  that  many  of  the  tests  which  have  been  executed  in  this 
country  must  be  regarded  as  untrustworthy  owing  to  the  fact 
that  still  water  ratings  have  been  applied  to  the  instrumental 
readings  without  correcting  for  the  effects  of  turbulence,  which 
must  have  been  in  evidence  in  all  cases  to  a  greater  or  less 
extent.  Success  in  any  particular  case  must  have  depended 
upon  the  particular  engineer  more  than  upon  the  method.  It 
may  be  a  gratification  to  turbine  makers  in  general  to  know  that 
their  products  have,  in  many  cases,  been  better  than  the  tests 
indicated. 

Pertinent  to  the  remarks  of  Professor  Moody  concerning 
the  current  meter  which  he  illustrates  in  Fig.  27,  it  should  be 
observed  that  the  writer’s  rule  of  performance  for  screw  meters, 
as  given  in  his  paper  upon  current  meters,  should  be  applied 
only  to  meters  answering  to  his  definition  of  a  screw  meter. 
This  rule  and  its  limitation  follow: 

“When  a  screw  meter  is  run  in  perturbed  water  it  will  register  a 
smaller  number  of  revolutions  per  second  than  a  perfect  still-water 
rating  would  indicate.” 

“A  screw  is  a  rotating  element,  the  surface *of  which  would  be 
generated  by  a  straight  line  perpendicular  to,  rotating  uniformly  about, 
and  moving  uniformly  along,  the  axis  of  rotation.”  “One  would  also 
hesitate  to  apply  the  propositions  to  meters  having  large  or  badly  de¬ 
signed  frames  which  would  be  likely  to  interfere  with  the  action  of 
the  water  on  the  runner.” 
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We  have  had  many  investigations  of  various  forms  of  nozzle 
hut  the  method  of  Professor  Moody  is  the  first  one  published  to 
furnish  a  positive  test  for  the  selection  of  shapes;  it  is  not 
necessarily  the  tube  whose  coefficient  is  nearest  to  unity  hut  the 
tube  which  comes  nearest  to  resolving  velocities,  that  we  want. 

Mr.  Grover’s  broad  liberal  discussion  is  esteemed  most  highly 
by  the  writer.  It  has  a  breadth  of  view  and  a  definiteness  of 
purpose  which  are  not  to  be  mistaken.  Moreover,  it  gives  an 
insight  into  the  history  and  vicissitudes  of  the  current  meter  in 
the  United  States  which  is  interesting,  instructive  and  of  the 
greatest  importance  to  the  engineering  profession  in  general. 

Mr.  Grover  writes  upon  the  relation  of  the  Pitot  tube  to  the 
practical  problems  of  the  hydraulic  engineer  in  the  measure¬ 
ment  of  river  discharge  rather  than  to  the  details,  or  even  the 
merits  of  the  papers  themselves.  This  is  very  much  in  line  with 
the  writer’s  own  purpose  in  presenting  one  of  the  papers  re¬ 
ferred  to.  The  object  was  not  to  go  into  great  detail  or  to  claim 
merit  for  the  paper,  but  rather  to  open  questions  of  general 
theory  and  practice  in  the  hope  that  some  of  ■'hem,  at  least, 
might  be  finally  settled  through  the  medium  of  the  ensuing  dis¬ 
cussion.  That  this  discussion  will  be  attended  with  such  results 
is  confidently  expected.  So  much  theoretical  and  experimental 
investigation  of  the  highest  order  has  been  consummated  in  the 
science  of  hydrodynamics  that  it  is  difficult  to  comprehend  why 
there  are  still  different  conceptions  of  the  theory  of  the  Pitot 
tube  among  hydraulic  engineers  of  the  highest  standing  and 
attainments. 

While  Mr.  Grover  has  very  considerately  overlooked  the 
weak  points  of  the  paper,  many  of  which  must  be  apparent  to 
most  scientific  readers,  there  are  one  or  two  which  it  may  be 
well  to  examine  more  critically.  He  refers  to  the  facts  that  the 
large  Price  meter  was  employed  at  Massena  and  that  this  type 
of  meter  was  discarded  several  years  ago  by  the  Survey  because 
of  lack  of  reliability.  These  two  facts  in  conjunction,  without 
further  explanation,  would  tend  to  cast  a  doubt  upon  the  wisdom 
displayed  when  adopting  this  instrument  for  use  in  the  turbine 
tests.  It  may  therefore  be  stated  that  the  large  Price  meter 
was  chosen  as  one  of  the  instruments  to  be  investigated  and  used 
at  Massena  because  it  had  been  employed  in  similar  tests  in  the 
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same  tail  races  several  years  earlier,  and  it  was  desired  to  have 
means  of  comparing  the  two  sets  of  tests.  Instead  of  finding 
this  instrument  to  be  unreliable,  however,  it  was  found  to  he 
extremely  consistent  in  its  records  when  it  was  rated  in  the 
tail  races  at  the  points  where  operated.  When  employed  in  this 
manner  it  will  give  results  agreeing  among  themselves  and 
with  the  corrected  results  of  other  instruments  to  a  small  frac¬ 
tion  of  a  single  percent. 

The  statements  immediately  above  are  not  to  be  taken  as 
a  contradiction  of  Mr.  Grover’s  statements  relative  to  the  un¬ 
reliability  of  the  Price  meter.  lie  undoubtedly  meant  that  the 
meter  was  unreliable  when  the  records  were  reduced  to  veloci¬ 
ties  by  means  of  the  still-water  ratings  of  the  instrument  with¬ 
out  any  further  correction.  When  it  was  stated  above  that  the 
meter  is  extremely  reliable  when  it  is  rated  in  the  tail  races 
it  was  pre-supposed  that  the  comparisons  are  of  aggregate 
velocities,  as  explained  in  the  paper,  rather  than  of  individual 
velocities  at  single  meter  points.  It  is  a  well  known  character¬ 
istic  of  the  large  Price  meter  that  it  will  over-register  relatively 
to  the  still  water  rating  when  operated  in  perturbed  water.  It 
is  not  so  well  known  that  the  meter  has  a  perfectly  definite 
rating  in  perturbed  water,  flowing  according  to  an  established 
regimen.  The  main  difficulty,  then,  with  the  large  Price  meter, 
is  not  as  to  its  reliability  but  as  to  how  to  obtain  its  rating 
in  the  steady  floic  of  perturbed  water,  if  such  an  expression  be 
understood  and  be  permissible. 

As  to  the  Pitot  tube,  Mr.  Grover  seems  to  entertain  the 
opinion  that  it  is  much  better  adapted  to  the  requirements  of 
special  investigations  than  to  those  of  the  Survey.  This,  pos¬ 
sibly,  is  an  eminently  correct  view  of  the  situation,  but  it  may 
not  be  amiss  to  suggest  that  the  Pitot  tube  can  be  made  in  very 
portable  form  for  use  at  turbulent  stations  as  a  means  for  de¬ 
termining  the  deviations  of  current  meters  from  their  still-water 
ratings.  With  the  manipulation  of  such  an  instrument  well  in 
hand  it  would  be  possible  for  a.  good  observer  to  examine  the 
ratings  of  many  of  the  discarded  meters  at  important  stations 
where  it  is  desirable  to  revise  the  past  records  for  the  purpose, 
if  possible,  of  improving  the  estimates  of  water  supply.  Owing 
to  the  great  facility  with  which  the  current  meter  may  be  em- 
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ployed  it  looks  to  the  writer  as  though  it  would  not  be  sup¬ 
planted  by  the  Pitot  tube  in  its  present  form,  as  an  instrument 
for  gauging  streams,  hut  that  the  Pitot  tube,  if  given  a  fair 
trial,  would  become  a  reliable  instrument  for  checking  the 
records  of  the  current  meter,  especially  at  turbulent  stations. 
But  this  is  a  matter  to  be  settled  by  those  in  charge  of  stream 
gauging  and  the  engineers  of  the  Survey  are  amply  capable  of 
disposing  of  the  question  to  the  satisfaction  of  all. 

The  persistent  efforts  of  Messrs.  W.  &  L.  E.  Gurley  to  pro¬ 
duce  a  screw  meter  have  been  known  to  the  writer  for  some 
time.  Indeed  he  was  very  cordially  received  at  the  manufac¬ 
tory  of  these  gentlemen  about  two  years  ago  at  which  time  a 
number  of  the  trial  instrument^  were  shown  to  him  and  the 
nature  of  many  of  the  experiments  explained.  It  is  a  very 
creditable  undertaking  and  the  writer  was  impressed  with  the 
belief  that  this  firm  will  not  put  any  instrument  on  the  market 
until  it  has  been  proved  to  be  reliable. 

A  word  upon  the  design  of  screw  meters  may  be  of  interest 
and  value. 

Design  of  Meters :  The  principal  desideratum  of  a  current 
meter  is  that  it  should  give  the  resolved  component  of  velocity 
in  a  direction  fixed  relatively  to  the  meter.  The  fact  that  a  cup 
over-registers  in  turbulent  water  while  a  screw  under-registers, 
gives  a  basis  of  design  which  may  be  used  to  produce  a  meter 
possessing  this  characteristic  more  or  less  rigidly.  If  the  blades 
of  a  screw  are  “cupped”  to  the  proper  extent,  and  in  the  right 
sense,  the  effect  may  thus  be  toward  neutralizing  the  retardation 
which  the  screw  would  otherwise  suffer. 

There  are  other  ways  of  producing  such  a  meter.  Profes¬ 
sors  Greene  and  Moody,  of  Rensseleaer  Polytechnic  Institute, 
have  conducted  a  series  of  experiments  there  which  resulted  in 
the  production  of  a  meter  practically  giving  only  the  resolved 
components  of  velocity. 

A  conclusion  to  be  drawn  from  these  experiences  is  that  a 
tail,  or  rudder,  is  a  useless  appendage  to  a  meter  used  in  stream 
gauging.  The  meter  should  be  held  rigidly  in  the  stream  or 
conduit,  giving  only  the  component  of  velocity  perpendicular  to 
the  cross-section.  A  cup  meter  would  give  better  results  in  tur¬ 
bulent  water  if  it  had  no  tail,  but  was  simply  allowed  to  run 
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at  the  end  of  a  vertical  rod  like  an  inverted  cup  anemometer. 

The  recording  device  for  a  meter  designed  to  be  held  rigidly 
in  the  current  should  register  positively  for  down-stream  current 
and  negatively  for  up-stream  current.  There  are  cases  where 
the  current  beneath  the  surface  is  up-stream;  and  the  old  forms 
of  meter  make  no  distinction,  as  they  should. 

There  are  many  other  requirements  which  might  he  men¬ 
tioned.  Perhaps  the  protection  of  the  rotating  element  trom 
floating  debris  is  the  most  important.  This  element  should  never 
be  surrounded  by  a  frame  of  any  kind  and  should  be  so  shaped 
that  it  will  not  gather  any  floating  material,  weeds,  grass,  etc. 
The  shape  of  runner  adopted  by  Dean  Haskell  in  the  design 
of  his  current  meter  has  proved  itself  extremely  efficient  in 
shedding  all  floating  matter.  Even  with  a,  proper  shape  of 
runner  the  meter  will  become  clogged  if  the  runner  is  sur¬ 
rounded  with  a  sheath  of  any  kind,  either  attached  to  the  runner 
or  the  frame.  Dean  Haskell  has  also  taken  care  of  this  point, 
for  his  runner  projects  beyond  all  other  parts  of  the  instrument. 
It  remains  then  only  to  give  the  blades  of  the  runner  a  slight 
concavity  on  the  side  upon  which  the  water  impinges  to  remove 
the  tail  and  connect  the  meter  rigidly  with  the  rod,  or  support, 
in  order  to  have  a  meter  which  will  give  the  resolved  component 
of  the  velocity,  and,  therefore,  one  which  will  give  correct  indi¬ 
cations  of  velocity  in  a  given  direction  in  turbulent  water.  The 
Haskell  meter  in  its  present  form  is  not  greatly  affected  in 
moderately  perturbed  water,  so  the  change  in  shape  of  the 
blades  would  probably  be  quite  small  in  amount. 

The  question  of  friction  in  a  current  meter  is  very  inter¬ 
esting.  Throwing  out  the  case  of  low  velocities,  the  necessity 
seems  to  be,  not  so  much  for  a  small  amount  of  friction  as  for 
constancy  of  amount.  If  the  resisting  torque  is  large  but  con¬ 
stant,  a  rating  should  be  fixed  just  as  exactly  as  in  tin4  case 
where  the  friction  is  small  and  constant.  Notice,  too.  that  there 
is  a  resisting  torque  caused  by  the  hydraulic  skin  friction  on  a 
screw,  which  can  be  made  as  large  as  desired  by  lengthening  the 
vanes  along  the  axis.  In  this  respect,  the  screw  is  just  as  much 
a  differential  meter  as  is  the  cup  meter. 

The  retarding  skin  friction  has  a  much  longer  lever  arm 
than  the  bearing  friction,  and  has  a  much  larger  resisting  torque. 
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so  that  the  hearing  friction  of  a  screw  meter  offers  a  resistance 
of  secondary  importance.  Further,  the  resisting  skin  friction  is 
a  fixed  function  of  the  velocity,  varying  approximately  as  the 
square  thereof.  Hence  it  is  clear  that  the  principal  portion  of 
the  resisting  torque  is  fixed  for  each  velocity  and  cannot  be 
changed.  It  follows  that,  if  the  meter  is  kept  in  only  fair  con¬ 
dition,  the  rating  is  not  affected  seriously  by  moderate  changes 
in  bearing  friction.  The  truth  of  this  was  tested  in  the  experi¬ 
ments  at  Massena  by  taking  part  of  a  rating  while  the  bearing 
was  dirty  and  stiff,  then  completing  the  rating  after  the  meter 
had  been  cleaned  and  oiled.  There  was  no  appreciable  difference 
in  the  two  parts  of  the  rating.  The  Haskell  meter  is  not  there¬ 
fore  sensitive  to  moderate  changes  of  bearing  friction. 

The  screw  meter  has  one  other  advantage  which  has  not  yet 
been  mentioned :  The  screw,  or  propeller,  may  be  made  exceed¬ 
ingly  light,  so  that  the  effects  of  inertia  are  reduced  to  a  mini¬ 
mum.  It  is  quite  possible  that  the  inertia  of  a  heavy  revolving 
part,  in  conjunction  with  the  reaction  of  the  water,  may  play 
an  important  role  in>  changing  the  rating  when  the  velocities 
become  variable. 

As  to  the  work  of  the  Survey,  as  outlined  by  Mr.  Grover, 
there  is  little  to  criticize.  The  cup  meter,  be  it  the  large  or  the 
small  type,  is  sufficiently  accurate  under  favorable  conditions 
for  stream  gauging  when  rated  in  still  water  without  further 
correction.  If  any  errors  have  been  committed  they  will  most 
likely  be  found  in  the  steep  turbulent  streams  of  rough  country 
and,  even  in  that  case,  the  current  meter  observations  need  not 
be  lost,  for,  by  means  of  the  Pitot  tube  or  the  chemical  method 
of  measuring  the  discharge,  the  errors  may  be  found  and  cor¬ 
rected.  It  is  one  of  the  important  conclusions  drawn  from  the 
Massena  tests  that  the  cup  and  screw  meters  both  have  definite 
ratings  in  turbulent  water.  No  error  will  probably  result  if 
this  is  extended  to  include  every  instrument  which  can  be  rated 
in  still  water,  whatever  the  type  or  the  mechanical  principle 
upon  which  it  operates.  This  fact  ought  to  be  of  the  greatest 
value  to  those  engaged  in  measuring  the  discharge  of  streams 
as  well  as  to  those  engaged  upon  other  classes  of  discharge 
measurements,  for  it  renders  available  at  once  the  results  of  all 
former  gaugings  which  may  have  been  discarded  owing  to  the 
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apparent,  but  not  real,  unreliability  of  the  current  meters  em¬ 
ployed.  The  still-water  ratings  simply  did  not  apply.  When 
their  turbulent-water  ratings  are  determined  for  each  station  by 
suitable  means,  the  discarded  gaugings  become  available  and 
they  will  be  found  to  be  as  reliable  as  any. 

Mr.  Grover’s  suggestion  that  the  requirements  of  turbine 
testing  are  different  from  those  of  stream  gauging  is,  indeed, 
very  appropriate.  While  the  general  importance  ot  stream 
gauging  is  undoubtedly  very  much  greater  than  that  of  turbine 
testing*  the  money  value  of  a  particular  turbine  test,  on  the 
other  hand,  may  run  into  many  thousands  of  dollars  more  than 
that  of  a  particular  stream  gauging.  Special  efforts,  special 
methods  and  special  instruments  are,  therefore,  demanded.  The 
required  degree  of  precision  is  rather  for  hundredths  ot  a  per¬ 
cent  than  for  a  single  percent.  The  hydraulic  engineer  first 
turns  to  the  instruments  and  methods  employed  in  stream  gaug¬ 
ing.  He  finds  them  unsuited  to  his  requirements  and  tries  the 
Pitot  tube.  This  proves  more  satisfactory  as  regards  accuracy 
but  it  is  still  unequal  to  the  niceties  demanded.  Chemistry  is* 
the  next  resource  and,  as  outlined  in  the  Appendix  to  the 
writer’s  paper,  it  promises  to  give  still  better  results.  The 
theory  of  the  latter  method  is  certainly  more  satisfactory  than 
any  yet  proposed  for  the  measurement  of  flowing  water  in  large 
volume. 

It  is  very  clear  that  any  government  should  study  the  gen¬ 
eral  character  of  its  water-sheds.  In  order  to  do  this  it  must 
make  appropriations  for  the  study  and  these  appropriations 
should  be  sufficient  for  the  purpose.  The  great  difficulty  in  de¬ 
termining  public  appropriations  is  always  identical  with  that 
in  determining  the  limit  to  public  service.  Just  where  does  pub¬ 
lic  service  end?  In  view  of  the  immensity  of  our  country  and 
the  apparently  enormous  sums  which  have  been  appropriated 
for  other  branches  of  the  public  service,  it  does  not  look  as 
though  the  funds  appropriated  for  gauging  streams  have  been 
any  too  large.  The  writer  is,  therefore,  of  the  opinion  that 
these  appropriations  might  well  be  increased  for  a  few  years  at 
least.  The  financing  of  public  projects,  however,  leads  to 
economic  and  social  questions  of  the  deepest  kind.  Society  is 
an  organized  aggregate  possessed  of  mutually  acting  and  re- 


468  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

acting  elements.  Up  to  the  present  it  seems  to  have  defied  all 
attempts  at  scientific  treatment.  The  usual  procedure  is  to  set- 
in  motion  a  social  action,  if  such  a  term  be  acceptable,  and  then 
let  the  reaction  take  care  of  itself.  We  are  undergoing  such  a 
process  of  readjustment  in  our  financial  and  business  systems  at 
the  present  moment  and  no  one  feels  competent  to  prophesy 
what  the  final  result  will  be.  We  must  await  the  “end  re¬ 
action"  as  the  chemist  would  say. 

Next  in  importance  to  the  conservation  of  human  energy 
is  the  conservation  of  natural  resources,  and  among  the  most 
vitally  important  of  the  natural  resources  are  our  food  and 
water  supplies.  It  is  therefore  imperative  that  liberal  appro¬ 
priations  for  the  development  of  the  latter  be  made  whether  it 
be  from  public  or  private  funds.  But  let  it  be  understood  that 
conservation  must  mean  development  of  resources  and  not  a 
dispute  over  the  possession  of  property. 

Mr.  Roberts  is  undoubtedly  very  correct  when  he  states 
that  the  engineers  on  river  work  who  have  had  ‘ ‘  experience  with 
•gas  and  water  supplies  for  communities  and  mills,  have  defin¬ 
ite  knowledge  of  the  value  of  pitometers  in  measuring  the  dis¬ 
charge  through  pipes  and  other  confined  areas  where  current 
meters  could  not  possibly  be  employed.  However,  these  same 
engineers  would  not  in  their  river  work  use  tubes  It  would 
seem  to  the  writer  that  this  omission  to  employ  the  Pitot  tube 
in  river  work  is  not  so  much  because  engineers  consider  the 
tube  unfit  for  such  work  as  because  they  look  for  generally  ac- 
cepted  methods  and  the  precedents  for  these  uses  of  the  tube 
are  few. 

The  writer  has  expressed  the  opinion  elsewhere  that  the 
Pitot  tube  is  not  likely  to  supersede  the  current  meter  for 
stream  gauging  on  account  of  the  great  facility  with  which  the 
current  meter  may  be  handled  and  observed.  It  would  prob¬ 
ably  add  greatly  to  the  accuracy  of  stream  gaugings,  however, 
if  the  meters  were  rated  by  means  of  the  Pitot  tube  in  the 
cross-sections  of  the  gauging  stations.  Such  ratings,  particular¬ 
ly  at  turbulent  stations,  would  enable  the  observers  to  correct 
the  meters  from  time  to  time  and  for  different  stages  of  water. 

The  experience  of  the  writer  is  that  these  corrections  would  be 

0 

practically  constant  for  the  same  stage  at  a  given  station.  When, 


DISCUSSION — PITOT  TUBE  PAPERS  BY  MOODY  AND  CROAT  469 


therefore,  it  is  discovered  that  a  series  of  gaugings  at  some 
station  has  been  seriously  affected  by  turbulence  for  a  number 
of  years,  it  would  still  be  possible  to  correct  the  original  dis¬ 
charge  curve  by  a  few  comparative  ratings  with  a  Pitot  tube  at 
different  stages.  A  rating  of  this  sort  is  as  exact  and  as  ac¬ 
curate  as  a  still-water  rating,  while  the  still-water  rating  will 
not  serve  on  the  turbulent  station., 

In  the  discussion  with  Mr.  Grover  the  writer  has  pre¬ 


sented  his  views  upon  the  design  of  current  meters  intended 
for  use  in  turbulent  water,  negative  currents,  etc.  He  has  ex¬ 
pressed  the  opinion  that  a  current  meter  should  give  the  re¬ 
solved  component  of  velocity  in  a  direction  fixed  relatively  to 
rhe  meter;  that  there  should  be  no  tail  or  rudder;  and  that  the 
instrument  be  held  rigidly  in  the  cross-section  of  the  gauging 
station.  The  recording  device  should  distinguish  between  posi¬ 
tive  and  negative  velocity.  This  kind  of  instrument,  when  pro¬ 
vided  with  the  cupped  vanes  also  described,  would  be  practically 
correct  even  in  very  bad  cases  of  cross-currents  and  reversed 


currents. 

Mr.  Roberts  gives  an  interesting  description  of  the  at¬ 
tempts  to  gauge  the  low  water  discharge  of  the  Monongahela 
River.  Not  the  least  of  the  difficulties  was  the  extremely  low 
velocities  which  the  observers  had  to  measure  and  this  was  com¬ 
bined  with  an  unusual  tangle  of  cross-currents.  Ts  this  not  a 
condition  which  the  'chemical  method  meets  most  perfectly? 
The  main  difficulty  would  be  to  secure  a  uniform  mixture 
throughout  such  a  broad  sluggish  current.  Under  these  cir¬ 
cumstances  the  writer  suggests  the  use  of  several  scows  anchor¬ 
ed  systematically  across  the  channel  at  a  suitable  distance  above 
the  section  where  the  samples  are  to  be"  taken ;  each  scow  to  be 
provided  with  its  tank  of  chemical  and  an  efficient  centrifugal 
pump  taking  water  from  the  river  above  the  boat  and  dis¬ 
charging  it  back  again  below  the  boat  vertically  downward  after 
being  dosed  with  the  chemical.  These  pumps,  properly  placed 
and  operated,  would,  in  large  measure,  aid  in  securing  a  satis¬ 
factory  mixture. 

Mr.  Knowles  gives  a  most  interesting  account  of  an  early 
series  of  experiments  by  himself  and  the  late  Mr.  Louis  Fran¬ 
cisco,  Verges,  S.  B.  These  experiments  show  that  the  coef- 
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ficient  of  the  Pitot  tube  is  almost  exactly  unity  when  the  formula 
is  v-  =  2gh.  Further,  the  distribution  of  velocity  in  a  jet  of 
water  was  most  thoroughly  investigated  in  three  dimensions  in 
the  region  of  the  “vena  contracta”  and  the  plane  of  the  orifice. 
It  is  interesting  to  note  the  close  agreement  among  all  the  in¬ 
vestigators  as  to  this  distribution,  including  the  distribution  as 
found  by  Beresford  as  early  as  1878.  The  experiments  are  also 
of  more  than  usual  interest  on  account  of  the  high  head  upon 
the  orifice. 

Mr.  Knowles'  cogent  remarks  upon  the  application  of 
Bernoulli’s  theorem  are  both  timely  and  to  the  point.  It  is 
clear  to  the  writer  that  there  are  cases,  such  as  that  of  the  free 
vortex,  where  the  energy-head  of  each  particle  is  equal  to  that 
of  any  other  particle  whether  these  particles  flow  in  the  same 
or  different  stream-lines.  But  there  is  nothing  in  the  mechanics 
of  liquids,  real  or  ideal,  which  requires  this  to  be  so.  In  the 
case  of  the  forced  vortex,  for  example,  the  dynamic  head  and 
velocity-head  increase,  or  decrease,  together,  by  equal  amounts. 
If  Bernoulli’s  theorem  were  applicable,  generally,  to  this  case 
the  dynamic  head  should  increase  exactly  by  the  amount  that 
the  velocity-head  decreases  and  vice  versa.  In  short,  there 
are  cases  where  Bernoulli’s  theorem  applies  to  all  the  particles 
in  the  same  stream-line  but  not  generally  to  particles  in  different 
stream-lines. 

We  are  honored  with  a  discussion  by  Clemens  Herschel,  in¬ 
ventor  of  the  Venturi  meter  and  the  fall  increaser  and  designer 
of  a  current  meter.  The  invention  of  the  Venturi  meter  must 
be  classed  as  one  of  the  great  triumphs  of  the  human  mind.  Mr. 
Herschel  grasped  the  idea  and  immediately  produced  an  instru¬ 
ment  which  is  destined* to  serve  man  for  many  years  to  come. 
The  value  of  such  an  instrument  to  mankind  cannot  be  meas¬ 
ured  in  money  units.  In  fact,  the  metering  of  water  from 
natural  water  supplies  is,  perhaps,  one  of  the  most  important 
operations  connected  with  conservation.  When,  therefore,  so 
deep  an  hydraulist  as  Mr.  Herschel  in  the  present  discussion, 
and  in  his  adverse  criticism  of  a  paper  by  Charles  H.  Tutton,* 
compares  particles  of  flowing  water  to  the  “contents  of  a  feather 

*A  Proposed  Solution  of  Some  Hydraulic  Problems,  Transactions,  Am.  Soc. 
C.  E.,  vol.  47,  p.  372  (1902). 


DISCUSSION — PITOT  TUBE  PAPERS  BY  MOODY  AND  GROAT  4i  1 

bed  turbulently  floating  down  the  street  in  a  gale  of  wind'  the 
comparison,  though  somewhat  humorous,  should  receive  the  re¬ 
spectful  attention  of  those  interested  in  the  subject. 

It  is  certainly  known  by  all  that,  in  most  actual  cases  of 
water  flowing  in  streams  and  pipes,  the  ideal  stream  lines  of. 
steady  motion  do  not  exist,  but  on  the  contrary  a  condition  of 
turbulence  prevails.  Mr.  Herschel  concludes  from  this  that 
velocity-curves  have  no  place  in  engineering,  and  that  much 
time  has  been  wasted  by  experimenters  in  studying  them.  He 
also  describes  an  interesting  experiment  by  George  H.  Benzen- 
bergt  wherein  the  volume  of  discharge  of  a  sewer  12  ft.  in  di¬ 
ameter  and  2534  ft.  long  was  determined.  Two  ounces  of  red 
eosine  dissolved  in  a  quart  of  water,  were  suddenly  injected 
into  the  sewer  at  one  end  while  the  discharge  of  this  colored 
water  half  a  mile  farther  down  was  observed.  The  discharge 
was  accurately  determined  because  ‘‘the  color  was  readily  per¬ 
ceptible  at  the  outlet  and  was  never  distributed  over  a  length  of 
more  than  7  to  9  ft.,  being  about  one-third  of  one  percent  of 
the  length  of  the  tunnel,  the  center  of  which  was  taken  at  the 
point  observed.  The  compactness  of  the  coloring  matter  showed 
that  the  velocity  was  practically  uniform  at  all  points  in  the 
cross-section  of  the  tunnel,  which  again  in  itself  was  very  uni¬ 
form  throughout  the  entire  length  of  the  tunnel.” 

Mr.  Herschel  then  seems  to  conclude  that  the  flow  of  water 
is  governed  by  “the  uniform  averages  of  a  multitude  of  chance 
effects”  rather  than  by  any  “action  of  the  physical  law  of 
flowing  water.”  But  what  is  a  chance  effect?  It  can  be  noth¬ 
ing  else  than  something  which  cannot  be  anticipated  or  ex¬ 
plained.  It  does  not  follow,  however,  that  there  is  no  law 
governing  chance  occurrences.  On  the  contrary  every  occurrence 
must  take  place  in. full  accord  with  physical  law.  Hence  the 
expression  “uniform  averages  of  chance  effects”  as  applied  to 
flowing  water  can  mean  only  that  the  laws  of  flow  are  unknown. 
If  we  examine  the  kinetic  theory  of  gases  we  shall  soon  con¬ 
vince  ourselves  that  some  of  the  most  important  laws  of  physics 

•{•Sewerage  System  of  Milwaukee  and  the  Milwaukee  River  Flushing  Works, 
Transactions  Am.  Soc.  C.  E.,  December,  1893. 
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can  be  derived  by  an  application  of  the  principles  of  the  cal¬ 
culus  of  probability.* 

While  the  writer  is  inclined  to  agree  with  Mr.  Herschel  that 
much  time  has  been  wasted  in  the  study  of  velocity-curves  for 
the  purpose  of  generalizing  the  laws  of  flowing  water,  he  is  un¬ 
able  to  conclude,  either  from  the  existence  of  turbulence  or 
from  the  results  of  the  color  test,  that  there  is  no  such  thing  as 
a  velocity-curve.  If  by  velocity  we  mean  the  .average  velocity 
at  a  point  in  the  cross-section  of  a  pipe  or  channel  it  is  amply 
proved  that,  for  a  fixed  regimen,  this  average  is  practically  con¬ 
stant  if  the  time  observation  be  sufficiently  extended.  The 
plotting  of  a  series  of  such  velocities  taken  transversely  across 
the  section  of  a  pipe  or  open  channel,  will  give  a  perfectly  defi¬ 
nite  velocity-curve ;  and  such  curves  are  of  great  service  in 
computing  the  discharge  from  point  observations  by  current 
meters  and  Pitot  tubes.  The  distribution  of  such  average  ve¬ 
locities  in  a  tail  race  becomes  perfectly  fixed  for  given  con¬ 
ditions,  so  that,  when  the  distribution  is  once  determined,  the 
discharge  may  be  computed  accurately  from  a  single  point  ob¬ 
servation  under  the  given  conditions. 

Nor  is  it  clear  to  the  writer  that  the  “filaments  of  the 
school  books ?  ?  must  be  discarded  because  in  turbulent  flow  there 
are  no  filamenfs.  If  we  were  to  act  generally  upon  this  lead 
we  should  be  unable  to  reason  upon  any  subject.  For  reasoning 
is  based  upon  assumptions  to  begin  with  and  it  is  well  under¬ 
stood  that  nearly  all  classes  of  assumptions  are  imperfect.  The 
necessary  requisite  of  an  assumption  is,  that  it  express  the 
principal  facts  with  sufficient  exactness  to  lead  to  an  approxi¬ 
mately  correct  conclusion,  even  though  the  majority  of  the  oper¬ 
ative  causes  be  neglected.  Thus,  the  assumption  of  a  frictionless 
fluid  leads  to  a  very  accurate  formula  for  the  velocity  of  dis¬ 
charge  at  the  center  of  a  jet  issuing  from  an  orifice  in  a  vessel 
of  thin  walls,  because  viscosity  and  skin  friction,  in  this  case, 
have  only  minute  effects.  It  should  be  observed  that  the  general 
definition  of  a  stream  line  does  not  require  that  such  lines  be 
traversed  by  a  particle  of  water. 

*The  Kinetic  Theory  of  Gases,  by  Oskar  Emil  Meyer,  translated  by  Robert 
E.  Baynes.  Longmans  Green  and  Co.,  London  and  New  York.  (See  the  Mathe¬ 
matical  Appendices). 
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The  writer  believes  with  Mr.  Herschel  that  the  Venturi 
meter  should  have  been  used  in  the  past  more  frequently  than  it 
has  been,  but  does  not  attribute  this  “human  inertia”  to  any 
“ill  effects  of  mis-information  acquired  during  the  days  of 
schooling.”  Our  schooling  is  bad  enough,  but  men  who  rise  to 
be  real  engineers  are  sufficiently  wise  to  glean  the  better  part 
of  their  education  and  training.  At  the  same  time  it  is  a  fact 
that  engineers  have  continually  to  combat  human  inertia.  F  re- 
quently  they  are  compelled  to  expend  much  more  energy  in  con¬ 
vincing  their  clients  and  employers  of  the  propriety  of  a  pro¬ 
ject  than  is  afterward  required  to  put  it  through.  It  is  plain, 
under  these  circumstances,  that  the  human,  acceleration  ac¬ 
quired  depends  entirely  upon  the  relative  magnitudes  of  the 
impressed  human  force  and  the  resisting  human  inertia. 


[Additional  discussion  of  these  papers,  if  received,  will  be  pub¬ 
lished  in  a  later  issue  of  the  Proceedings— Editor.] 


“  HOW  THE  ANCIENTS  WOULD  HAVE 
CONTROLLED  THE  MISSISSIPPI 
AND  ITS  TRIBUTARIES” 


By  Sir  William  Willcocks* 


[This  paper  was  published  in  the  March,  1914,  issue  of  the  Pro¬ 
ceedings  of  the  Societ}7-.  Discussions  of  the  paper  appear  in  April, 
1914,  issue.  Additional  discussion  if  received  will  be  published  in  a 
later  issue.] 

DISCUSSION 

Mr.  C.  McD.  Townsend  :+  No  matter  how  eminent  a  man 
may  be,  if  he  is  unfamiliar  with  the  laws  and  customs  of  a  people, 
he  is  liable  to  make  serious  mistakes  if  he  enters  into  ther 
controversies. 

In  his  paper  on  “How  the  Ancients  would  have  Controlled 
the  Mississippi  and  its  Tributaries ’ read  before  the  Engineers’ 
Society  of  Western  Pennsylvania,  Sir  William  Willcocks  has 
revived  discussions  which  agitated  the  Mississippi  Valley  fifty 
years  ago,  and  with  a  necessarily  superficial  knowledge  of  his 
subject,  has  added  the  prestige  of  a  great  name  to  hydraulic 
heresies  which  have  been  refuted  often. 

It  is  possible  that  the  Ancients  would  have  built  cut-offs 
if  they  had  been  in  charge  of  the  Mississippi  river.  They  knew 
little  about  the  depth  in  their  rivers,  and  cared  less.  Their 
navigation  of  inland  waterways  was  confined  to  vessels  com¬ 
parable  to  the  birch  bark  canoe  of  the  Indian,  or  the  bateaux 
of  the  early  voyageurs.  The  barge  on  which  Cleopatra  seduced 
Anthony  and  changed  the  destiny  of  the  world  was  only  a 
good-sized  row-boat,  and  as  late  as  1814  Commodore  Perry, 
when  he  decided  the  question  of  British  supremacy  in  our 
Northwest  Territory,  sailed  from  Erie,  a  port  having  but  six 
feet  of  water  on  its  bar,  and  brought  his  captured  vessels  in  a 

*Consulting  Engineer,  Cairo,  Egypt. 

^Colonel,  Corps  of  Engineers,  U.  S.  A.;  President,  Mississippi  River  Commis¬ 
sion,  St.  Louis,  Mo. 
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sinking  condition  into  Sandusky  Bay,  where  there  was  a  navi¬ 
gable  depth  of  but  nine  feet.  In  fact,  it  was  not  until  the 
utilization  of  steam  in  the  navigation  of  our  rivers  in  the  forty  s 
that  there  was  any  particular  necessity  of  paying  much  atten¬ 
tion  to  their  depths. 

The  science  of  river  hydraulics  has  been  almost  entirely 
developed  from  investigations  undertaken  within  the  past  cen¬ 
tury.  The  knowledge  of  the  Ancients  of  the  principles  of  hy¬ 
draulics  of  any  kind  was  most  scanty,— their  knowledge  of  river 
hydraulics  almost  nil.  They  even  attributed  the  rise  and  fall 
of  rivers  not  to  natural  causes,  but  to  the  wrath  of  the  gods. 

To  urge  the  works  of  the  Pharaohs  and  Nebuchadnezzer, 
of  Noah  and  Joseph,  as  reasons  for  disregarding  the  teachings 
of  Debauve  and  De  Mas,  of  Fargue  and  Girardin,  of  Schlicting, 
Hagen,  Jasmund,  Engel,  and  Liliavski,  reads  more  like  a  page 
from  Mark  Twain  than  an  extract  from  a  serious  engineering 
discussion. 

If  the  Ancients  had  made  the  cut-offs  proposed  by  the 
illustrious  author,  and  the  river  had  remained  shortened  as  de¬ 
signed,  they  would  have  utterly  ruined  its  natural  low-water 
navigation  by  anything  but  flat  boats.  To  reduce  the  length 
of  a  river  40  percent  would  increase  its  mean  slope  a  corres¬ 
ponding  amount.  The  depth  on  crossings  is  an  inverse  function 
of  the  slope.  As  the  river  in  its  present  state  tends,  without 
improvement,  to  low-water  depths  of  about  41/2  feet  on  its 
crossings,  it  is  readily  seen  that  such  a  radical  change  in  its 
regimen  would  reduce  its  natural  navigability  to  about  that  of 
the  Missouri  above  Kansas  City. 

Both  De  Mas  and  Girardin  call  especial  attention  to  the 
injurious  effects  of  cut-offs  and  an  excessive  straightening  of 
h  channel,  on  navigation,  citing  examples  in  European  rivers. 
Their  remarks  are  fully  confirmed  by  experience  in  the  United 
States.  The  Kaskaskia  cut-off  on  the  middle  Mississippi,  which 
occurred  in  1880,  reduced  the  slope  and  caused  excellent  navi¬ 
gation  through  the  cut-off,  but  at  the  expense  of  increased  slopes 
and  annual  dredging  above  and  below  it,  producing  almost 
identical  results  with  those  described  by  M.  Girardin  in  the 
Canal  de  Miribel  on  the  Rhone. 

The  Red  River,  however,  affords  a  still  more  striking  ex- 
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ample  of  what  may  be  expected  from  permitting  a  river  to 
develop  along  the  lines  recommended  by  the  distinguished 

author. 

The  Red  River  was  originally  obstructed  by  snags  and 
floating  debris  which  lodged  upon  them,  which  seriously  dimin¬ 
ished  the  flow  of  water  in  the  main  channel.  The  removal  of 
the  rafts,  as  such  obstructions  were  locally  called,  largely  in¬ 
creased  the  discharge,  and  the  river  in  its  efforts  to  adjust  itselt 
to  the  changed  conditions  made  numerous  cut-offs,  aided  in  some 
cases  by  the  planters  along  its  banks.  The  river  between  Shreve- 
post  and  Alexandria,  originally  218  miles  in  length,  was  shorten¬ 
ed  about  26  miles.  The  results  for  100  miles  below  Shreveport 
are  shown  on  the  accompanying  profile.  The  marked  rising  of 
the  river  bed  in  the  lower  portion  of  this  stretch  is  to  be  par¬ 
ticularly  noted. 

The  criticism  of  the  Mississippi  River  Commission  for  in¬ 
creasing  current  velocities  by  levees,  while  showing  extraordi¬ 
nary  nervousness  about  increasing  them  by  cut-offs,  loses  its 
force  when  it  is  recognized  that  a  levee  increases  velocities  only 
during  floods,  when  they  can  do  little  damage  to  the  low-water 
channel.  As  soon  as  a  river  recedes  below  a  bank-full  stage,  the 
influence  of  a  levee  is  nil ;  a  cut-off  increases  velocities  during 
extreme  low-water,  when  they  have  the  most  injurious  effect 
on  navigation. 

There  is  another  peculiarity  of  rivers  that  the  illustrious 
author  has  failed  to  consider.  I  nless  the  Mississippi  River  be 
held  as  in  a  vise,  it  is  impracticable  to  permanently  diminish 
its  length.  When  a  cut-off  occurs  there  is  at  first  a  violent 
change  of  slope  in  the  immediate  vicinity,  accompanied  by  an 
increase  of  velocity  in  the  river  channel,  which  largely  increases 
the  caving  above  and  below.  By  this  means  the  river  strives 
to  regain  the  length  it  has  lost.  One  whose  personal  knowledge 
of  the  river  has  been  confined  to  a  day  ’s  visit  at  Memphis,  might 
readily  make  the  mistake  of  assuming  that  the  effect  of  a  cut-off 
was  confined  to  a  single  season,  but  one  who  has  studied  the 
neighboring  river  gauges  finds  that  its  effect  extends  over  a 
period  of  some  twenty  years,  in  fact,  until  the  river  by  means 
of  the  caving  of  its  banks  has  acquired  the  length  it  had  before 
the  cut-off  was  made.  The  Centennial  cut-off  at  Vicksburg 
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,(1876),  did  not  produce  its  maximum  effect,  on  the  Lake  Provi¬ 
dence  gauge,  55  miles  above,  till  1895.  Notwithstanding  the 
numerous  cut-offs  that  have  occurred  since  the  discovery  of  the 
river,  its  length  today  does  not  differ  materially  from  what  it 
had  two  hundred  years  ago. 

If  the  Ancients  had  made  cut-offs,  they  would  have  enor¬ 
mously  increased  the  rate  of  caving  of  the  river,  would  have 
destroyed  a  large  amount  of  very  fertile  land,  and  after  30  or  40 
years  would  have  had  nothing  to  show  for  the  labor,  as  the 
river  in  that  period  of  time  would  have  acquired  its  original 
length. 

Mr.  Oppikofer  calls  attention  to  the  tendency  of  rivers  when 
flowing  in  a  valley  formed  of  their  own  alluvium,  to  assume 
cycloidal  curves.  The  formation  of  a  cut-off  temporarily  de¬ 
stroys  this  curve,  and  the  river  strives  to  regain  it.  Prof. 
Engel,  in  his  work  on  river  improvement,  discusses  the  difficulty 
of  permanently  improving  a  river  when  in  a  state  of  transition. 

While  the  distinguished  author  ignores  the  subject  of  the 
navigation  of  the  river,  which  is  the  one  the  Commission  has 
hv  law  first  to  consider,  even  as  a  method  of  flood  prevention, 
his  project  is  extremely  faulty.  He  recognizes  that  the  method 
of  cut-offs  on  the  river  Theiss  led  to  most  disastrous  results,  hut 
believes  that  it  was  due  to  an  unscientific  handling  of  the  sub¬ 
ject,  claiming  that  cut-offs  should  be  made  not  from  the  head 
of  the  river  down,  but  from  the  mouth  of  the  river  up.  He 
appears  to  ignore  the  fact  that  bends  susceptible  of  being  cut 
off  are  not  uniformly  distributed  along  the  Mississippi  River, 
that  below  New  Orleans  there  are  none  that  could  be  so  treated, 
and  but  few  below  the  mouth  of  Red  River,  while  in  the  middle 
reaches  they  are  numerous.  To  start  at  the  lower  end  of  the 
river  and  make  such  cut-offs  as  are  practicable  would  soon 
invite  at  New  Orleans  a  similar  tragedy  to  that  which  occurred 
at  Szegedin  on  the  Theiss.  Nor  is  it  safe  to  permit  the  river 
to  work  out  its  own  salvation  as  he  suggests.  In  the  bends  above 
Greenville  one  cut-off  would  most  certainly  produce  several 
others,  and  create  such  a  shortening  of  the  river,  at  least  tem¬ 
porarily,  as  would  seriously  increase  flood  heights  from  Green¬ 
ville  to  Vicksburg  where  they  are  now  abnormally  high. 

Humphreys  &  Abbot,  in  their  work  on  the  hydraulics  of 
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the  Mississippi  River,  estimate  that  the  effect  of  a  cut-off  is  to 
raise  the  water  level  just  below  it  an  amount  equal  to  one-half 
the  fall  of  the  river  in  a  straight  portion  equal  in  length  to  the 
shortening  of  the  channel. 

The  illustrious  author  repeats  a  mistake  that  was  made  by 
several  prominent  American  writers  some  30  years  ago.  Tie 
recognizes  that  a  river*  attempts  to  adjust  its  area  of  cross- 
section  to  its  discharge,  and  therefore  concludes  that  if  a  single 
basin  is  leveed,  and  we  wait  till  a  great  flood  comes  down  the 
river,  it  will  scour  out  a  channel  which  will  permit  the  flood  to 
pass  with  but  a  slight  increase  in  flood  heights,  but  he  is  a  little 
more  confident  than  his  American  predecessors  and  specifies 
one  foot  as  the  increase  in  flood  heights  to  be  permitted. 

He  ignores,  however,  two  important  considerations,  that  in 
all  work,  time  is  a  most  important  factor,  and  that  while  a  river 
strives  to  enlarge  the  area  of  its  cross  section  to  permit  a  large 
discharge,  it  is  equally  as  strenuous  in  its  efforts  to  diminish 
its  section  when  the  discharge  is  small.  This  is  particularly 
true  in  a  river  carrying  a  large  amount  of  sediment  that  is 
readily  deposited  or  scoured. 

A  discharge  of  2  000  000  second  feet  occurs  in  the  Mis¬ 
sissippi  Valley  possibly  once  in  20  years,  and  then  lasts  but  a 
few  days.  It  has  power  to  destroy,  but  not  time  to  create  an 
adequate  channel  a  thousand  miles  long,  or  even  in  front  of  one 
of  the  basins.  Extreme  low  water  conditions  are  equally  infre¬ 
quent,  but  the  river  is  above  a  mean  stage  through  periods  of 
time  in  which  it  is  capable  of  performing  adequate  work. 

His  premise  should  therefore  be  modified  to  read  that  a 
river  is  always  striving  to  adjust  its  cross  section  to  its  mean 
discharge,  and  whenever  either  extreme  high  or  low  water  con¬ 
ditions  occur,  the  river  is  not  adjusted  to  them.  It  would  be 
difficult  to  determine  with  mathematical  precision  the  influence 
of  levees  on  the  mean  discharge  of  a  river,  but  observations  at 
Dusseldorf  on  the  Rhine  indicate  that  the  levees  of  that  river 
have  enlarged  the'  section  sufficiently  to  reduce  flood  heights 
about  one  foot  in  one  hundred  years.  If  the  Mississippi  is  gov¬ 
erned  by  the  same  laws  as  the  Rhine,  to  comply  with  the  require¬ 
ments  of  the  author,  at  New  Orleans,  where  the  river  has  already 
risen  over  six  feet  from  levee  construction,  would  necessitate 
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spreading  the  work  of  levee  construction  along  the  Mississippi 
River  over  a  period  of  some  500  years, — a  pretty  long  period 
even  for  the  despots  of  Mesopotamia  to  wait  for  results. 

The  United  States  has  played  but  a  secondary  part  in  the 
construction  of  levees;  two-thirds  of  the  work  has  been  done  by 
the  communities  affected.  If  in  1882  the  people  of  Louisiana 
had  been  assured  by  the  Commission  that  there  would  be  no 
levee  construction  in  the  States  above,  until  their  levees  were  in 
a  condition  to  receive  the  increased  discharge,  the  cultivation  of 
the  remainder  of  the  valley  would  have  been  practically  aban¬ 
doned,  and  the  levee  line  of  Louisiana  would  not  have  attained 
the  strength  that  exists  today.  It  is  not  in  human  nature  to 
tax  oneself  for  the  benefit  of  one’s  neighbors,  and  it  has  re¬ 
quired  the  spur  resulting  from  the  knowledge  that  flood  heights 
were  going  to  rise,  to  force  Louisiana  to  keep  pace  in  levee  con¬ 
struction  with  the  work  that  has  been  done  in  the  upper  districts. 

The  author’s  assumption  that  the  depth  of  water  over  the 
country  was  greater  during  the  floods  of  1912  and  1913  than 
in  1882,  is  incorrect.  The  water  was  not  only  lower,  but  a  con¬ 
siderably  smaller  portion  of  the  country  was  flooded.  The 
greater  damage  resulted  from  the  fact  that  in  1912  there  was 
more  to  destroy  than  in  1882,  due  to  the  development  of  the 
county  in  the  interim. 

A  flood  of  2  000  000  second  feet  does  not  occur  on  an 
average  once  in  20  years.  The  existing  levee  line  can  safely 
withstand  floods  on  an  average  of  nine  years  in  ten.  While  it 
is  extremely  desirable  to  complete  the  levee  line  as  soon  as  pos¬ 
sible,  the  country  will  continue  to  prosper  under  existing  con¬ 
ditions,  just  as  it  did  from  1880  to  1910,  when  the  levees  were 
much  weaker  than  at  present. 

The  writer,  some  twenty  years  ago,  in  papers  presented  to 
the  Mississippi  River  Commission  and  various  Engineering  So¬ 
cieties,  discussed  the  influence  of  the  St.  Francis  Basin  on  levee 
heights,  and  the  question  of  its  utilization  for  reservoir  purposes. 
While  predicting  the  height  that  floods  have  since  attained,  his 
investigations  showed  that  it  would  be  cheaper  to  build  a  levee 
line  the  entire  length  of  the  river  than  to  construct  the  dams 
necessary  to  retain  the  flood  in  the  basin.  While  the  project 
of  the  author  differs  from  the  usual  St.  Francis  Reservoir  pro- 
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jects  that  are  annually  submitted  to  the  Commission,  in  that  it 
does  not  propose  to  confine  the  entire  flood  discharge,  the  in¬ 
crease  in  the  value  of  lands  in  the  past  30  years,  that  it  would 
he  necessary  to  condemn,  would  preclude  the  use  ot‘  the  basin 
for  reservoir  purposes. 

The  author’s  suggestions  as  to  methods  of  construction  are 
equallv  interesting.  Biblical  references  to  bricks  made  with  or 
without  straw,  does  not  justify  their  employment  on  the  Mis¬ 
sissippi  river  in  this  age  of  concrete,  when  the  Germans  ha've 
experimented  with  bricks  on  the  Rhine  and  i  ejected  them, 

because  they  were  washed  away. 

British  writers  are  better  authorities  on  the  construction 
of  harbors  and  docks  than  of  inland  waterways,  but  if  Sir  Wil¬ 
liam  Willcocks  had  been  familiar  with  the  writings  of  his  own 
countrymen,  he  would  never  have  recommended  detached  revet¬ 
ments  for  the  protection  of  river  bends. 

Prof.  James  Thompson,  F.R.S.,  in  1879,  in  some  remarks 
before  the  Institution  of  Mechanical  Engineers  at  Glasgow,  de¬ 
scribed  the  motion  of  river  currents  in  bends,  and  his  deductions 
have  been  fully  confirmed  by  the  experiments  of  Liliavaski  on 
the  Dneiper  River. 

In  bends  the  surface  currents  do  not  flow  in  parallel  lines 
but  tend  to  diverge  from  the  convex  toward  the  concave  bank, 
where  the  water  piles  up,  thus  producing  an  appreciable  dif¬ 
ference  of  head  on  opposite  banks.  This  difference  of  head 
increases  as  the  velocity  increases.  When  the  velocity  is  'swift 
and  the  caving  is  therefore  at  a  maximum,  the  great  mass  of 
the  surface  water  that  impinges  on  a  concave  bank  does  not 
remain  on  the  surface,  but  flows  down  the  bank  across  the  river 
;  close  to  its  bottom  and  rises  to  the  surface  on  the  convex  side, 
carrying  with  it  the  material  it  erodes  from  the  bank. 

When  the  upper  portion  of  a  bend  is  revetted,  it  only 
affects  the  filaments  which  impinge  against  the  portion  thus 
protected.  The  filaments  further  out  in  the  stream  attack  the 
unprotected  bank  below,  with  approximately  the  same  force 
they  would  have  had  if  the  portion  above  had  not  been  protected, 
and  deep  pockets  are  scoured  out,  making  sharp  salients  of  the 
revetted  portions.  This  process  is  continued  until  during  some 
flood  a  cut-off  occurs  across  the  salient,  and  the  revetment  will 
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then  be  found  on  the  convex  side  of  the  stream  facing  the  sand 
bar  instead  of  the  channel.  This  form  of  revetment  under  the 
name  of  bank  heads  was  tried  quite  extensively  on  the  Missouri 
river  about  16  years  ago,  and  some  of  these  bank  heads  are  now 
about  three  miles  from  the  river  channel. 

A  corrollary  to  this  error  is  found  in  the  statement  that 
the  sediment  carried  in  suspension  into  the  river  from  its  tribu¬ 
taries,  is  deposited,  while  the  sediment  found  in  its  lower  por¬ 
tions  is  derived  from  its  caving  banks.  Both  Messrs.  Fargue 
and  Liliavski  have  demonstrated  that  the  greater  part  of  the 
material  caving  into  a  stream  in  bends  is  deposited  on  the  bar 
opposite  and  just  below  the  point  of  caving,  forming  the  sand 
bar  which  obstructs  low-water  navigation.  Observations  on  the 
Mississippi  show  that  a  large  portion  of  the  sediment  entering 
the  Mississippi  river  from  the  Missouri  is  carried  to  the  Gulf 
without  being  deposited,  and  that  water  from  the  Ohio  never 
attains  from  caving  banks  the  degree  of  saturation  that  exists 
in  the  Missouri  during  floods,  nor  in  the  Mississippi  from  floods 
derived  from  the  Missouri. 

A  careless  reading  of  Major  Dabney’s  remarks,  has  led  to 
another  error.  Major  Dabney  does  not  advocate  a  double  line 
of  levees  for  the  Mississippi  Valley.  The  sub-levee  he  employs 
is  practically  an  extension  of  the  banquette  of  the  levee  proper 
in  front  of  it.  When  a  levee  has  a  base  whose  width  is  about 
eight  times  the  height  of  the  water  against  it,  little  trouble  is 
experienced  in  ordinary  soils,  but  occasionally  the  alluvium  is 
deposited  on  brush  heaps  or  other  porous  strata,  and  the  soil 
is  permeable  for  long  distances.  Under  such  conditions  Major 
Dabney  recommends  a  sub-levee  of  a  height  of  an  ordinary 
banquette,  connected  to  the  main  line,  and  surrounding  the 
permeable  section  which  is  permitted  to  fill  with  water  to  the. 
height  of  the  banquette,  and  by  this  means  the  head  on  the 
permeable  soil  is  reduced  and  the  danger  of  sand  boils  dimin¬ 
ished  more  cheaply  than  by  enlarging  the  banquette. 

A  distinguished  French  General  is  quoted  as  saying  that  he 
who  hath  made  no  mistakes  hath  not  made  war,  a  saying  which 
is  equally  applicable  to  the  Engineering  profession. 

The  Mississippi  River  Commission  recognizes  it  has  made 
many  mistakes,  but  it  also  claims  that  it  has  achieved  great 
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successes.  It  lias  created  a  navigable  channel  in  the  river  ex¬ 
ceeding  in  depth  that  of  any  river  in  the  civilized  world,  not 
excepting  the  Rhine  with  its  50  000  000  tons  of  freight,  and 
maintains  it  at  a  cost  per  mile  less  than  one-third  that  »l  the 
average  railroad  of  the  United  States.  With  the  assistance  of 
local  authorities,  it-  has  constructed  a  levee  line  which  suc¬ 
cessfully  protects  20  000  square  miles  of  the  alluvial  valley  from 
overflow  until  the  river  attains  a  discharge  of  1  150  000  second 
feet,  as  a  result  of  which,  while  “in  1880  the  Delta  had  a  popu¬ 
lation  of  445  604,  in  1910  it  had  a  population  of  829  720, ^or 
nearly  double  the  number  of  people.  In  1880  there  were  1  61.)  721 
acres  in  cultivation,  in  1910,  3  585  070— over  double  the  pro¬ 
ductive  area.  Farm  land  values  increased  from  $50  961  199  in 
1880  to  $174  187  559  in  1910,  or  three  and  one-half  times.  The 
value  of  personal  property  on  these  farms  in  1880  was 
$12  776  012,  and  in  1910,  $50  115  939,  or  four  times  as  much. 
In  1880  the  means  of  transportation  in  the  Delta  was  almost 
entirely  by  steamboat,  for  there  were  then  less  than  oOO  miles 
of  railway,  while  in  1910  there  were  over  3200  miles  of  railway. 
Leaving  out  Memphis  and  Vicksburg,  which  are  not  in  the  Delta, 
in  1880  there  was  only  one  banking.,  institution  in  this  vast 
section— at  Helena,  Ark.— with  a  capital  of  $20  000  and  with 
no  published  statement  of  deposits.  In  1910  there  were  246 
banks  with  a  combined  capital  and  surplus  of  over  $15  600  000 
and  with  deposits  of  over  $43  300  000.”  (A.  S.  Caldwell,  ad¬ 

dress  delivered  before  the  Alumni  of  the  University  of  the  South, 


Sewanee,  Term.) 

The  questions  above  discussed  were  decided  by  the  Com¬ 
mission  15  or  20  years  ago,  after  an  elaborate  presentation  of 
evidence  and  extensive  discussion.  On  the  living  issues,  which 
are  at  present  interesting  the  country — the  rise  of  the  river  s 
bed,  reservoirs,  and  outlets— it  is  extremely  gratifying  to  note 
that  the  distinguished  author  indorses  the  position  taken  bv  the 
writer  in  several  papers  recently  published. 

In  reference  to  the  problems  around  Pittsburgh,  the  writer 
was  a  member  of  the  Board  of  Engineer  Officers  that  discussed 
the  bridge  problem,  and  disapproved  of  the  irregular  location 
of  piers  in  the  Pittsburgh  harbor,  because  of  the  danger  of  boats 
in  a  swift  current.  As  long  as  the  area  of  the  river  s  cross 
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section  is  not  altered,  the  re-arrangement  of  piers  in  straight  lines 
would  make  little  difference  in  flood  heights,  if  there  is  a  dist¬ 
ance  of  even  the  length  of  a  city  block  between  bridges.  Piles 
have  been  driven  around  crevasses  on  the  Mississippi  river  in 
rows  in  quincunx  order  to  break  the  force  of  the  current,  but 
the  rows  have  to  be  close  together  or  the  effect  of  the  irregular 
spacing  of  the  piles  is  lost. 

The  writer  was  also  a  member  of  a  Board  which  considered 
the  question  of  flood  control  of  the  Allegheny  and  Monongahela 
rivers.  If  the  author  had  read  its  report  he  would  not  have 
considered  it  necessary  to  advise  American  engineers  to  make 
borings  before  building  masonry  dams. 


AIR  IN  JET  CONDENSERS 


By  C.  L.  W.  Trinks* 


About  eighteen  months  ago  the  statement  was  made  before 
the  Society  that  a  jet  condenser  was  nothing  but  a  vessel  in 
which  water  and  steam  were  thoroughly  mixed.  This  statement 
drew  the  prompt  reply  that  air  in  the  condenser  and  the  capacity 
of  the  air  pump  might  have  something  to  do  with  the  perform¬ 
ance  of  the  condenser. 

The  present  paper  deals  mainly  with  the  latter  phenome¬ 
non,  namely,  the  influence  of  air  on  the  performance  of  jet  con¬ 
densers.  The  investigation  was  limited  to  jet  condensers;  partly, 
because  I  have  had  more  experience  with  that  type,  but  mainly 
because^  the  effects  of  air  in  surface  condensers  have  been  quite 
thoroughly  investigated  by  others.  (See  for  instance  Orrok, 
Proceedings  of  American  Society  of  Mechanical  Engineers  1912, 
or  the  very  complete  paper  in  London  “Engineering”,  January 
1914,  by  one  of  the  editors.)  The  purpose  of  the  present  paper 
is  not  to  give  a  complete  theory  of  the  jet  condenser.  Such  a 
theory  cannot  be  given,  because,  in  contradistinction  to  the  sur¬ 
face  condenser  the  extent  and  shape  of  the  heat  transmitting 
surface  are  not  known  in  jet  condensers. 

However,  a  little  theory  will  give  us  limiting  conditions  and 
will  thereby  help  us  to  understand  practice  better.  For  this 
reason  the  weight  of  steam  which  strikes  unit  area  of  the  walls 
of  the  containing  vessel  in  unit  time,  due  to  molecular  vibration, 
will  be  given.  From  the  kinetic  theory  of  gases,  it  is  known  that 
the  quantity  striking  a  square  foot  each  second  due  to  molecular 

vibration  is  approximately  \j?2,  where  p  is  the  absolute  pres- 

v 

sure  in  pounds  per  square  foot,  and  v  is  the  volume  of  one 
pound  in  cubic  feet;  (approximately  because  steam  is  not  a 
perfect  gas).  From  this  formula  follow  these  figures: 

Presented  at  the  regular  monthly  meeting  of  the  Society  June  16,  and  pub¬ 
lished  in  the  June,  1914,  issue  of  the  Proceedings. 

’Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology. 


486 


proceedings  engineers'  society  western  penna. 


Pounds  striking  one  square 

Vacuum  referred  to  30  in.  foot  per  hour. 


25  in. 

10,000 

26  “ 

8,000 

27  “ 

6,000 

28  “ 

4,000 

29  “ 

2,070 

29  V2  “ 

1,060 

7  » 

i 

Those  who  are  not  familiar  with  the  intricacies  of  the  kinetic 
theory  may  check  the  general  correctness  of  these  numbers  in 
the  following  manner :  Steam  of  28  in.  vacuum  is  usually  allowed 
to  travel  at  a  velocity  of  400  to  600  feet  per  second.  The 
weight  passing  a  square  foot  per  hour  is  then,  roughly, 


500  X  8600 
~~350 


5000  lb. 


This  substantially  agrees  with  the  figure  obtained  from  the 
molecular  vibration.  If  all  the  steam  striking  cold  surfaces 
could  be  condensed,  very  small  condensers  would  suffice. 

As  before  stated,  condensation  coefficients  for  jet  condensers 
are  not  well  established,  but  we  know  that,  for  surface  con¬ 
densers,  one  of  the  best  heat  transmission  coefficients  on  record 
is  1400  B.t.u.  per  square  foot,  hour  and  degree  Fahrenheit  mean 
temperature  difference.  Allowing  an  average  temperature  dif¬ 
ference  of  20°  F.,  we  find  the  weight  condensed  per  sq.  ft. 
and  hour  to  be 


1400  X_^Q_=  28  ib. 

1000 

(where  1000  is  roughly  the  latent  heat  of  steam).  This  weight 
is,  for  28  in.  vacuum,  only  2/3  percent  of  the  total  steam  im¬ 
pinging  upon  the  tubes  in  the  same  time.  F rom  tests  w  hich  I 
have  made  on  jet  condensers,  1  know  that  the  condensation  rate 
in  them  is  considerably  higher  than  in  surface  condensers,  but 
is  still  very  small  compared  to  the  value  given  by  thermod\ namic 

tlieorv. 

«/ 

Two  reasons  for  this  discrepancy  are : 


(1)  Air  in  condensers. 

(2)  Insufficient  heat  transmission 
sheets  of  injection  water. 

The  present  paper  deals  principally 


within  the  drops  or 
with  the  first,  that  is 
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4H7 


to  say  with  the  effects  of  air,  although  the  effect  of  heat  trans¬ 
mission  within  the  cooling  medium  will  receive  some  attention. 

The  effects  of  air  are  well  illustrated  by  the  results  of  a 
demonstration  test  on  an  experimental  .jet  condenser,  which  was 
erected  at  the  Carnegie  Institute  of  Technology  especially  for 


collecting  data  for  the  present  paper.  The  test  arrangement  is 
shown  in  Fig.  1.  The  tail  water  was  discharged  through  a 
foot  barometer  tube  into  the  room  below.  Steam  was  throttled 
from  boiler  pressure  and  enough  water  was  sprinkled  on  the 
steam  pipe  to  make  the  steam  dry  saturated  or  slightly  moist 
when  entering  the  condenser  (at  condenser  pressure). 

In  the  particular  test  under  consideration,  a  constant  rate 


488  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

of  water  flow  and  a  constant  rate  of  steam  flow  were  main¬ 
tained.  The  speed  of  a  reciprocating  air  pump  which  took  air 
out  of  the  cool  top  of  the  cendenser  was  also  maintained  con¬ 
stant.  A  variable  quantity  of  air  was  admitted  with  the  steam 
through  orifices.  Although  the  weight  of  air  admitted  through 
the  largest  nozzle  did  not  exceed  1.4  percent  of  the  weight  of 
steam  entering  in  the  same  time,  the  vacuum  dropped  from  28^ 
in.  to  23.2  in.,  which  means  the  difference  between  very  good 
vacuum  and  very  poor  vacuum. 


Fig.  2.  Location  of  Thermometers  in  Experimental  Condenser. 

The  manner  in  which  even  a  very  small  quantity  of  air 
*  spoils  the  vacuum”  becomes  vrey  clear  from  a  study  of  the 
temperature  distribution  in  the  condenser. 

Temperatures  were  measured  at  points,  A,  B,  C,  T>,  E,  and 
F,  (Fig.  2).  In  the  case  of  most  efficient  condensation  the  tern- 
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pGr3.tu.r6  3t  A  3ud  fa  would  read  the  same.  In  a  tost  with  no 
air  in  the  steam,  the  thermometers  at  A  (steam  inlet)  and  fa 
(tail  pipe)  read,  indeed,  within  a  few  degrees  of  each  other,  with 
the  thermometers  at  C  and  D  reading  between.  As  more  and 
more  air  was  admitted,  the  temperature  at  E  did  not  change, 
but  that  at  D,  C  and  A  changes.  That  at  I)  rose  a  little,  C  more, 
and  A  the  most.  At  first  thought  it  is  surprising  that  in  spite 
of  the  admission  of  apparently  hotter  steam,  the  temperature 
of  the  tail  water  should  remain  constant;  but,  as  a  matter  oi 
fact,  the  steam  contains  no  more  heat  than  before,  in  spite  oL' 
its  higher  temperature,  because  it  contains  more  water  than 

before.* 


Fig.  3.  Air  Path  in  a  Jet  Condenser. 

In  a  condenser  which  takes  steam  from  an  engine  or  turbine, 
the  tail  water  temperature  would  rise  with  the  addition  ot  air 
to  the  steam,  because  the  dropping  of  the  vacuum  would  cause 
a  greater  steam  consumption  for  a  given  load  on  the  prime 
mover. 

If  we  neglect  for  the  present  the  normally  slight  pressure 
drop  between  the  steam  entrance  A  and  the  air  pump  nozzle, 
we  can  say  that  the  pressure  in  the  condenser  is  constant  every¬ 
where.  Since,  the  steam  is  saturated,  dropping  of  its  tempera- 

*The  line  of  throttling  is  the  “constant  total  heat”  line. 


AIR  PUMPED  OUT  OF  CONDENSER  (pounds  per  minute.) 
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ture  means  a  reduction  of  its  pressure;  but  since  the  total  pres¬ 
sure  is  constant,  the  air  pressure  must  increase  from  A  towards 
D.  (It  is  known  from  Dalton’s  law  that  total  pressure  equals 
partial  air  pressure  plus  partial  steam  pressure.)  The  air  tem¬ 
perature  at  the  air  pump  nozzle  of  a  counter  current  condenser 
coincides  with  that  of  the  injection  water,  lienee  the  vapor  pres¬ 
sure  there  is  even  lower  than  at  point  D.  From  this  short  study 
we  conclude  that  the  partial  air  pressure  in  a  condenser  in¬ 
creases  rapidly  towards  the  air  pump  inlet. 

The  question:  “What  effect  has  air  in  a  condenser?”  may 
now  he  attacked  quantitatively.  Evidently  the  weight  of  air 
entering  in  unit  time  must  equal  the  weight  removed  in  unit 
time,  i t*  equilibrium  is  to  exist.  The  greater  the  density  of  air 
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TOTAL  PRESSURE  IN  CONDENSER  (inches  op  *e*cu*v) 


Fig.  4.  Characteristics  of  36  in.  by  24  in.  Dry  Air  Pump,  100  r.  p.  m. 
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TR1NKS- 

^oing  to  the  pump,  the  greater  is  the  weight  of  air  handled  hy 
the  pump.  Hence  the  air  pressure  at  the  air  pump  nozzle  of  the 
condenser  adjusts  itself  automatically,  so  that  equilihiium  i> 
established  between  air  entering  and  air  removed. 
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Fig.  5. 


Vacuum  ?9  •  ?7  76 

Influence  of  Air  Pump  Characteristics  on  Vacuum. 


Air  is  removed  from  the  condenser  not  only  by  the  air  pump 
but  also  by  the  tail  water,  as  will  be  seen  from  the  following 
reasoning,  which  is  borne  out  by  facts.  In  Fig.  3  air  is  carried 
with  steam  towards  the  falling  water  in  the  direction  of  the 
arrow.  It  is  held  against  the  water  by  the  onrush  of  other 
steam  and  is  carried  along  with  the  water  in  the  direction  of 
arrow  2.  If  the  water  maintains  its  velocity  until  the  narrow 
section  of  the  tail  pipe  is  reached,  some  air  sticks  to  it  and  is 
removed  by  viscious  drag  or  entrainment.  If,  on  the  other 
hand,  the  water  falls  into  a  pool  as  on  the  left  hand  side  ot 
Fig.  3,  the  air  is  beaten  into  the  relatively  stagnant  water  out 
of  which  most  of  it  rises  back  into  the  condenser  in  the  shape 
of  bubbles.  For  the  removal  of  all  the  incoming  air  by  en¬ 
trainment,  the  water  velocity  must  be  very  high  and  the  water 
jets  must  be  sufficiently  subdivided  to  offer  large  entraining 
surface.  Otherwise,  very  poor  vacuum  will  result.  'Pest  data 
on  this  type  of  condenser  was  promised  the  author  for  tins 
paper  by  a  firm  building  it,  but  the  data  did  not  arrive  in  time. 
Since  this  method  of  air  removal  is  somewhat  out  of  the  ordinary, 
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it  will  not  be  followed  further,  and  it  will  be  assumed  that  all 
of  the  air  is  removed  b}^  the  pump. 

The  capacity  of  an  air  pump  in  pounds  of  air  in  unit  time 
is  expressed  by  its  characteristic  or  its  characteristics.  The 
meaning  of  these  words  is  best  explained  by  reference  to  Fig.  4, 
which  represents  the  characteristics  of  a  reciprocating  pump  of 
good  design  but  of  rather  short  stroke.  The  ordinates  represent 
weight  of  air  pumped,  the  abscissae  the  absolute  pressure  at  the 
intake  nozzle  of  the  air  pump.  On  account  of  the  space  taken 


Fig.  6.  Device  in  a  Barometric  Condenser. 

up  by  vapor  the  weight  of  air  contained  in  the  volume  unit  of 
air  saturated  with  vapor  drops  as  the  temperature  increases  at 
constant  pressure.  Hence  there  must  be  a  different  character¬ 
istic  for  every  temperature.  See  Fig.  4.  These  characteristics 
can  be  found  only  by  actual  test.  Unfortunately,  builders  of  air 
pumps  usually  know  very  little  about  the  characteristics  of  the 
pumps  of  their  own  make,  or  if  they  know  them  they  do  not 
publish  them.  This  is  to  be  regretted,  because  it  makes  worse 
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the  uncertainty  surrounding  the  performance  of  condensers. 
As  will  be  seen  later,  the  condenser  owner  has  no  means  of 
knowing  how  much  air  leaks  in ;  neither  has  he  any  means  of 
knowing  how  much  he  pumps  out,  unless  he  possesses  the  char¬ 
acteristics  of  the  pump.  The  characteristics  of  air  pumps  which 
have  been  published,  are  all  based  on  the  pumping  of  dry  air. 
The  characteristics  for  air  and  vapor  mixtures  can  be  approxi¬ 
mately  derived  from  the  former,  but  the  result  can,  of  course, 
be  only  approximation. 

Suppose,  now,  that  we  had  the  characteristics  of  the  air 
pump  on  a  given  condenser;  then  we  could  determine  the  pres¬ 
sure  at  the  air  pump  nozzle  for  any  amount  of  air  entering  in 
the  manner  indicated  by  Fig.  5.  This  illustration  is  based  on 
the  supposition  that  the  temperature  at  the  air  pump  nozzle 
is  known  and  that  there  is  no  appreciable  pressure  drop  between 
the  air  pump  and  the  air  pump  nozzle  in  the  condenser.  The 
characteristics  of  three  similar  pumps  of  different  size  are  indi¬ 
cated  in  Fig.  5  by  the  solid,  dotted  and  dot  and  dash  lines. 
Two  rates  of  inflow  of  air  are  indicated  (horizontal  lines).  No 
actual  figures  for  size  of  pump  or  rate  of  air  flow  have  been 
given  because  we  are  at  present  concerned  with  the  method 
only.  Evidently  the  same  vacuum  may  be  maintained 
in  spite  of  different  rates  of  air  inflow,  if  corre¬ 
sponding  air  pump  capacities  are  employed :  compare 
points  A  (small  air  flow,  and  small  pump)  and  point  B 
(large  air  flow,  large  pump).  Two  difficulties  arise  in  con¬ 
nection  with  the  use  of  the  characteristic  for  actual  condensers : 
First,  in  parallel  flow  condensers,  the  temperature  at  the  air 
pump  nozzle  is  not  definitely  known ;  second,  in  counter  current 
condensers  the  pressure  at  the  air  pump  nozzle  of  the  condenser 
may  differ  from  the  pressure  in  the  condensing  space  proper. 
Taking  these  two  difficulties  in  the  order  mentioned  we  find 
that  in  the  parallel  flow  condenser  the  air  and  vapor  mixture 
going  to  the  air  pump  has  the  temperature  of  the  tail  water, 
or  a  slightly  higher  temperature.  It  is  known  from  the  first 
part  of  the  paper  that  this  tail  water  temperature  depends 
solely  upon  quantity  of  steam  entering  and  upon  quantity  and 
temperature  of  injection  water,  no  matter  what  might  be  the 
pressure  of  air  in  the  condenser,  but  the  latter,  by  spoiling  the 


inches  of  Mercury  {Referred  to  30  Barometer) 
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vacuum  increases  the  steam  flow,  if  the  condenser  serves  a  prime 
mover.  Thus  the  temperature  of  the  air  and  vapor  mixture  de¬ 
pends  upon  the  rate  of  air  inflow  and  air  removal,  and  the 
rate  of  air  removal  depends  upon  the  temperature  of  the  air 
and  vapor  mixture.  However,  the  problem  of  determining  the 
vacuum  in  the  condenser  correctly  could  he  solved  by  a  few 
approximations,  if  necessary. 


Gallons  per  Minute  of  Cooling  Water  for  1000  lbs. per  hour  of  Steam  Condensed 


Fig.  7.  Amount  of  Cooling  Water  for  Condensers  Based  Upon  15 
Deg.  Fahr.  Difference  Between  Temperatures  of  Exhaust  Steam 

and  Leaving  Mixture. 


The  second  difficulty  occurs  in  counter  current  condensers, 
for  which  Weiss’  type  Fig.  6  may  be  taken  as  typical.  In  this 
type  the  pressures  in  A  and  B  (that  is  in  the  condensing  space 
and  at  the  air  pump  nozzle)  are  determined  by  entirely  differ¬ 
ent  considerations.  The  lowest  possible  pressure  at  A  is  de¬ 
termined  by  the  temperature  of  the  outer  layers  of  the  tail 
water,  which  latter  can  be  computed  from  the  temperature  and 
the  quantity  of  the  injection  water  and  the  quantity  of  steam. 
To  save  this  computation,  curves  have  repeatedly  been  drawn, 
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two  of  which  are  reproduced  in  Figs.  7  and  8  for  reference.  The 
pressure  at  B ,  on  the  other  hand,  is  determined  by  the  quantity 
of  air  flowing  into  space  B  and  by  the  characteristic  of  the 
air  pump,  as  explained  before  from  Fig.  5.  Evidently,  the 
pressure  in  B  must  be  lower  than  that  in  A,  if  air  leaking  in 
with  the  steam  is  to  find  its  way  to  space  B.  In  the  ideal  case 
there  would  be  very  little  air  pressure  in  A,  it  would  gradually 
increase  from  A  through  C  and  1)  to  Z>,  whereas  the  vapor 
pressure  would  rapidly  fall  off  on  the  same  path.  In  practice, 
the  air  pressure  at  A  may  be  smaller  or  greater  than  that  at  B 
depending  upon  the  relative  amount  of  air  brought  in  by  the 
water  and  by  the  steam,  and  on  the  resistance  of  the  air  through 
the  water  curtains  or  rainfalls.  The  latter  should  be  so  ar¬ 
ranged  that  they  allow  the  passage  of  air  from  A  to  B,  but  not 
the  passage  of  steam,  and  this  must  be  accomplished  for  a  con¬ 
siderable  range  of  water  flow  and  of  air  coming  in  with  the 
steam.  If.  in  this  type  of  condenser,  the  rate  of  water  flow  is 
gradually  decreased,  while  steam  flow  and  air  pump  velocity 
are  kept  constant,  a  point  is  reached  where  the  water  curtains 
or  rain  falls  present  sufficient  opening  to  the  steam  to  have  some 
of  it  flow  to  space  B,  raising  the  temperature  at  the  air  pump 
nozzle.  This  rise  in  temperature  means  the  use  of  a  higher 
temperature  characteristic  for  the  air  pump,  and  consequently 
a  drop  in  vacuum,  see  Fig.  5.  A  study  of  the  methods  of  pre¬ 
venting  this  occurrence,  or  of  rectifying  conditions  if  upward 
steam  flow  has  set  in,  belongs  to  the  specialty  of  counter-cur- 
rent  condensers  and  exceeds  the  limits  of  this  paper. 

I  have  dwelt  upon,  this  point  at  some  length,  because  so 
many  conflicting  opinions  are  heard  on  the  influence  of  air 
pump  capacity  in  counter-current  condensers.  In  this  con¬ 
nection  I  might  mention  that  in  certain  condensers  of  this  type, 
in  which  the  water  curtains  are  heavy,  variation  in  pump  dis¬ 
placement  has  much  less  effect  than  it  has  in  parallel  flow  con¬ 
densers.  Increased  air  pump  capacity  raises  the  place  of  con¬ 
densation  from  A  to  C ,  or  even*  to  D,  so  that  the  original  resist¬ 
ance  of  the  lower  water  curtains  to  flow  of  air  is  replaced  by 
resistance  to  the  flow  of  steam  without  much  change  of  partial 
air  pressure  in  C,  although  the  vacuum  at  B  may  rise  consider¬ 
ably.  It  suffices  to  call  attention  to  this  fact  without  discus- 
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sing  the  specific  heaviness  of  water  curtains,  with  which  it  oc¬ 
curs,  because  such  a  discussion  would  have  to  consider  questions 
of  detail  design. 

Let  us  now  turn  from  the  subject  of  air  removal  to  the 
even  more  interesting  subject  of  weight  of  air  entering  con¬ 
densers  under  normal  conditions.  This  subject  is,  indeed,  in¬ 
teresting;  the  views  of  the  condenser  builder  and  of  the  con¬ 
denser  owner  are  usually  wide  apart  on  this  point. 

Injection  water  carries  up  to  2  percent  of  atmospheric  air 
by  volume,  which  is  approximately  1/400  percent  by  weight.  If, 
under  average  conditions,  50  weight  units  of  water  are  required 
to  condense  one  weight  unit  of  steam,  then  the  weight  of  air 
entering  with  the  injection  water  is  50/400  or  ]/%  percent  of 

v> 

<0 


Fig.  8.  Amount  of  Cooling  Water  for  Condensers  based  upon  5  Deg. 
Fahr.  Difference  Between  Temperatures  of  Exhaust  Steam 

and  Leaving  Mixture. 
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the  weight  of  the  steam.  Not  all  of  this  air  is  removed  by  the 
pump,  because  some  air  stays  in  the  water  even  at  the  low 
pressure  of  the  condenser.  The  weight  of  air  coming  in  with 
the  steam  from  the  boiler  feed  water  is  usually  negliible.  Ad¬ 
ditional  air  enters  the  condenser  with  the  steam  on  account  of 
leaks.  The  weight  of  air  which  is  normally  expected  to  enter 
in  this  matter  may  be  found  from  average  air  pump  capacities. 
These  range  from  two  to  four  times  the  quantity  of  air  entering 
with  the  water,  so  that  the  difference,  which  is  one  to  three 
times  y$  percent  (that  is  l/%  to  percent)  of  the  steam  weight, 
is  expected  to  enter  through  leaks.  If  more  enters,  the  vacuum 
must  drop.  Let,  in  Fig.  4,  the  pump  be  so  proportioned  that  it 
maintains  28 in.  of  vacuum  with  l/s  percent  (of  the  steam 
weight)  air  in  the  injection  water  and  l/s  percent  in  the  steam. 
Then  if  ll/8  percent  of  air  comes  in  with  the  seam,  the  pump 
will  have  to  remove  five  times  the  original  weight  of  air.  If 
the  temperature  at  the  air  pump  nozzle  in  the  condenser  is 
maintained  at  79  deg.  Fahr.,  the  vacuum  would  drop  from  28  ^ 
to  26^4  in.,  if  everything  else  remains  the  same.  In  a  counter 
current  condenser  the  vacuum  will  drop  even  more  on  ac¬ 
count  of  the  resistance  of  the  water  curtains  and  on  account  of 
pressure  drop  in  the  pipe  leading  to  the  air  pump.  In  a  par¬ 
allel  flow  condenser  the  rise  of  temperature  caused  by  the  drop 
in  vacuum  will  augment  the  drop  because  a  “  higher  tempera¬ 
ture”  characteristic  will  have  to  be  used.  The  resulting  vacuum 
would  be  “off-the-map”  in  Fig.  4.  and  would  be  in  the  neigh¬ 
borhood  of  23  in. 

Tests  of  condensers  show  reasonable  uniformity  in  the 
effects  of  air  leaks.  Fig.  9  shows  a  curve  derived  from  tests 
on  a  Mesta  barometric  condenser,  and  Fig.  10  shows  a  curve 
showing  the  effect  of  air  in  a  Westinghouse  Le  Blanc  condenser. 
It  will  be  noticed  that  with  one  percent  of  air  by  weight  in  the 
exhaust  steam  the  vacuum  is  exceedingly  poor.  These  results 
are  confirmed  by  the  experience  with  surface  condensers  related 
by  Mr.  Orrok  (Proceedings  of  Am.  Soc.  Mech.  Engrs.,  1912) 
in  which  one  percent  of  air  spoils  the  vacuum. 

From  our  knowledge  of  air  pump  characteristics,  we  judge 
that  one  percent  of  air  need  not  have  any  more  influence  upon 
the  vacuum  than  °r  ]/k  percent  provided  that  the  air  pump 
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is  made  large  enough  and  that  a  free  enough  passage  is  pro¬ 
vided  in  the  condenser  for  the  air.  And  from  the  standpoint 
of  power  plant  economics  it  pays  to  maintain  a  high  vacuum 
even  at  the  expense  of  high  cost  of  air  pump  operation.  The 
trouble  still  remains  where  to  draw  the  line :  Shall  the  condenser 
and  pump  he  built  for  ]/g  percent  leakage  or  for  one  percent 


POUNDS  AIR 


Fig.  9.  Influence  of  Air  in  a  Barometric  Condenser  with  Reciprocating 

Pump. 

and  more?  If  we  build  them  for  one  or  two  percent,  hydraulic 
pumps  wilf  absorb  an  excessive  amount  of  power  beyond  the 
requirements  of  feed  water  heating,  and  countercurrent  con¬ 
densers  will  have  to  have  such  large  openings  in  the  water  cur¬ 
rents  that  steam  leaks  through,  if  less  air  enters.  This  deleter¬ 
ious  effect  of  varying  quantities  of  air  leakage  has  always  given 
— and  probably  will  always  give — rise  to  litigation  between 
condenser  builders  and  condenser  owners.  Any  unusual  re¬ 
duction  in  the  vacuum  convinces  the  user  that  either  the  con¬ 
denser  or  the  vacuum  pump  is  out  of  order.  Consequently  he 
expects  the  builder  to  repair  them  free  of  charge.  The  builder, 
judging  from  former  experience,  claims  that  the  trouble  is  due 
to  air  leakage.  Condenser  leaks  are  notoriously  hard  to  find,  so 
that  the  owner  should,  perhaps,  not  be  blamed  if  he  rejects  any 
insinuation  of  leaks.  But  even  after  a  condenser  expert  has 
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been  sent  by  the  builder  and  has  found  the  leaks,  the  owner 
often  maintains  his  attitude  of  doubt.  Communications  from 
several  condenser  builders,  as  well  as  personal  experience,  ha\e 
proved  to  me  this  attitude  of  doubt  on  the  part  of  the  con¬ 
denser  owner.  The  proof  lies  in  the  refusal  to  pay  for  the 
services  of  the  expert.  The  reasons  held  out  for  the  refusal 
are  most  varied,  but  the  underlying  final  reason  seems  to  he 
this  thought “If  such  a  little  bit  of  a  leak  can  spoil  the 
vacuum  in  this  condenser,  it  must  be  a  mighty  poor  condenser. 
Hence  the  builder  is  responsible  for  our  trouble.’ 

All  this  quarreling  could  be  avoided  if  an  instrument  ex¬ 
isted  for  easily  and  correctly  measuring  the  quantity  of  air  in 
exhaust  steam.  Many  years  experience  on  both  the  builder’s 
and  owner’s  side  of  the  fence  has  convinced  me  that  such  an 
instrument  would  be  very  serviceable.  Reciprocating  and  rotat¬ 
ing  dry  air  pumps  have  been  used  as  measuring  de\ices;  their 
discharge  can  be  cooled  and  then  run  into  a  gas  holder,  01 
through  gas  meters  or  orifices  (Creighton  s  air  gauge).  How¬ 
ever,  such  arrangements  are  usually  inconvenient  and  aie  not 
readily  applied  in  practice;  neither  do  they  locate  the  leak, 
because  air  may  come  in  not  only  with  the  steam,  but  also  with 
the  w'ater  or  through  leaks  in  the  air  pump  line. 

Furthermore,  the  measuring  of  the  discharge  ol  air  from 
hydraulic  pumps  is  difficult.  For  this  reason  1  have  for  seveial 
years  experimented  with  exhaust  steam  analysers  01  air  dc  - 
tectors.  Although  these  experiments  have  not  been  successful  1 
shall  briefly  describe  the  principle  upon  which  1  worked  and  the 
difficulties  encountered,  in  the  hope  that  somebody  else  may  be 
able  to  do  better. 

If  a  mixture  of  air  and  vapor  is  compressed  from  condenser 
pressure  anc]  temperature  to  atmospheric  pressure,  and  is  then 
chilled  to  freezing  temperature,  practically  all  ol  the  vapor  is 
condensed,  and  the  air  is  left  over.  1  his  simplicity  ol  principle 
is  coupled  with  a  multiplicity  of  difficulties.  First,  it  is  difficult 
to  get  a  representative  sample  of  exhaust  steam  into  the  measui- 
ing  vessel.  It  may  be  thought  that  a  pipe,  leading  Horn  the 
main  exhaust  through  the  sampling  vessel  to  the  air  pump, 
would  cause  a  copious  flow  of  exhaust  steam.  Sometimes  it  does, 
but  usually  it  does  not,  because  small  leaks  in  these  necessai  il> 
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temporary  connections  cause  a  flow  of  air  both  ways;  that  is 
from  the  leaks  towards  the  air  pump  and  towards  the  exhaust 
main.  An  air  detector  shows  under  these  conditions  most  any 
amount  of  air  from  y2  percent  to  almost  100  percent,  depend¬ 
ing  upon  the  skill  of  the  operator  and  upon  the  tightness  of 
pipe  connections  or  rubber  hose  with  which  he  works.  After  a 
truly  representative  sample  has  been  obtained,  the  difficulty 
arises  of  compressing  it  in  a  transparent  vessel  without  any  ad¬ 
mission  of  air.  Fig.  11  shows  one  of  the  forms  of  vessel  which 
I  used.  The  sampler,  after  being  filled  with  air  and  vapor 


Fig.  10.  Influence  of  Air  in  a  Low  Level  Jet  Condenser  with 

Hydraulic  Pump. 


mixture,  is  immersed  in  mercury  and  the  lower  cock  is  turned 
slowly.  A  hole  is  provided  at  B  for  the  purpose  of  allowing 
the  air  in  the  blackened  space  to  be  replaced  by  mercury  before 
communication  is  established  with  the  interior  of  the  vessel. 
Indications  are,  that  it  is  not  all  replaced,  but  that  small  bubbles 
remain  which  expand  and  rise  into  the  sampler,  as  soon  as  the 
cock  is  opened  to  it.  The  quantity  of  air,  after  compression  of 
a  representative  sample,  is  only  1/10  to  1/5  percent  of  the  vol¬ 
ume  of  the  sampler,  so  that  for  measuring  purposes  the  top 
must  be  made  almost  capillary.  Small  impurities,  such  as  grease 
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(from  the  3-way  cock)  rubber,  (from  the  tube)  or  dope  (from 
the  pipe  connections),  make  the  indication  of  the  mercury  in  the 
capillary  tube  very  uncertain.  All  of  these  features  taken  to¬ 
gether  make  this  form  of  air  detector  a  workable  piece  of  labo¬ 
ratory  apparatus,  but  a  very  poor  instrument  for  power  plant 
use. 


Leaving  the  subject  of  air  in  condensers,  I  may  say  a  few 
words  on  the  influence  of  sub-division  of  injection  water.  If 
water  falls  in  a  thick  or  heavy  sheet  or  jet,  the  inner  part,  or 
core,  is  not  heated  up  to  the  temperature  of  the  surrounding 
steam,  even  if  the  latter  be  free  from  air.  However,  the  par¬ 
ticles  constituting  sheets  or  jets  seldom  fall  in  parallel  lines; 
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usually  there  is  a  vibratory  motion  inside  the  sheet  or  jet  which 
brings  the  inner  particles  to  the  outside  and  the  outer  particles 
to  the  inside.  With  air  free  steam,  condensation  is  exceedingly 
rapid,  so  that  a  moderate  amount  of  sub-division  is  sufficient. 
Additional  sub-division  of  water,  not  dreamed  of  by  the  design¬ 
ing  draftsman,  is  often  produced  by  the  steam  impinging  upon 
the  water.  Observation  through  the  glass  windows  of  the  ex¬ 
perimental  condenser  at  the  Carnegie  Institute  of  Technology 
(Fig.  1),  revealed  the  fact  that  the  steam  blew  the  sheets  and 
jets  of  water  literally  to  atoms,  thus  producing  a  vast  condens¬ 
ing  surface  in  a  small  space.  That  condensation  was  completed 
in  a  very  small  space  was  proved  by  this  test :  The  tail  water 
level  was  gradually  raised  in  the  condenser  by  partly  closing  a 
valve  in  the  tail  pipe  until  the  tail  water  touched  the  steam 
pipe.  No  change  in  the  vacuum  could  be  noticed  although  steam 
how  and  water  How  were  quite  heavy  compared  to  the  size  of 
the  vessel. 

In  experimental  work  of  this  sort,  one  test  suggests  another, 
and  I  have  planned  several  re-arrangements  of  the  "insides 
of  the  condenser.  Since  I  have  not  yet  made  enough  tests  on 
the  influence  of  interior  arrangement  of  weirs  and  nozzles  on  the 
vacuum,  1  shall  reserve  this  subject  for  another  communication 
to  the  Society  provided  I  find  enough  facts  of  interest. 

In  trying  to  gather  confirmation  of  my  own  experience  from 
various  condenser  builders  tor  this  present  paper,  I  iound  most 
of  them  quite  unwilling  to  part  with  any  information  whatso¬ 
ever.  Within  the  last  two  years  I  have  been  in  the  shops  of 
every  condenser  builder  of  reputation  in  the  United  States  and 
have  discussed  the  various  phases  of  condenser  design  and 
operation  with  their  engineers,  and  I  was  astonished  to  find  that 
large  sums  of  money  were  spent  by  each  concern  individually  for 
finding  out  facts  already  known  to  a  competitor.  A  little  co¬ 
operation  and  interchange  of  information  would  help  all  of 
them. 

In  conclusion.  I  wish  to  thank  the  American  Sheet  and 
Tinplate  Co.,  the  Mesta  Machine  Co.,  the  Armstrong  Cork  Co., 
the  Hall  Steam  Pump  Co.,  the  Connersville  Blower  Co.,  and  the 
Carnegie  Institute  of  Technology  for  their  co-operation  in  furn- 
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ishing*  or  loaning  material  for  this  set  ol  tests  on  condensers 
and  air  pumps. 

DISCUSSION 

Mr.  Karl  Nibecker-.*  1  have  read  with  much  interest 
Prof.  Trinks’  most  valuable  and  instructive  paper  on  “The 
Effect  of  Air  in  Jet  Condensers ’ \  I  think  we  are  especially  in¬ 
debted  to  him  for  this  paper,  from  the  fact  that  there  seems 
to  he  little  or  no  authentic  information  upon  this  most  import¬ 
ant  question.  Many  of  us  have  probably  had  considerable 
trouble  with  jet  condensers  and  have  never  fully  appreciated 
the  exact  effect  of  air  leakage  upon  the  vacuum  produced  by 
a  condenser. 

It  would  be  interesting  if  Prof.  Trinks  would  give  us  fur¬ 
ther  information  as  to  the  type  of  air  pumps  which  he  used  in 
determining  the  characteristic  curves  of  the  pumps,  as  shown 
in  his  paper.  There  seems  to  be  considerable  discussion  at  the 
present  time  concerning  the  value  of  dash  ports  in  air  pumps, 
and  it  therefore,  is  of  considerable  importance  to  know  to  which 
type  of  pump  Professor  Trinks*  curves  apply. 

I  would  like  to  know  what  thickness  of  water  was  flowing 
over  the  various  weirs  in  the  experimental  condenser,  for  the 
inlet  water  pipe  appears  to  be  very  small.  It  would  also  be  of 
value  to  have  relative  data  with  various  thicknesses  of  water 
bowing  over  the  weirs  in  the  condenser. 

Figure  6  exhibits  the  Weiss  type  of  condenser  as  being 
typical  of  countercurrent  apparatus  and  is  compared  to  the  con¬ 
denser  shown  in  Fig.  2.  Figure  2  is  not  specified  as  a  counter- 
current  condenser,  although  it  would  appear  to  be  practically 
the  same  as  Fig.  6,  the  only  difference  being  the  introduction 
of  the  deflecting  steam  nozzle.  Referring  to  Fig.  6,  the  author 
states  that  the  pressure  at  B  is  determined  by  the  quantity  of 
air  flowing  into  this  space  and  also  the  characteristic  of  tin* 
air  pump. 

In  speaking  of  Fig.  2,  Prof.  Trinks  assumes  that  the  pres¬ 
sures  at  A  and  F  are  the  same.  I  am  at  a  loss  to  know  why  the 
pressure  at  F  in  Fig.  2  should  not  be  higher  than  the  pressure 
at  A  for  the  same  reasons  which  he  gives  for  Fig.  6. 

*Steam  Engineer,  Youngstown  Sheet  and  Tube  Co.,  Youngstown,  Ohio. 
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It  would  appear  as  though  there  must  always  be  a  pressure  drop 
in  passing  through  the  sheets  of  water.  It  is  most  important  to 
design  the  condenser  so  that  the  sheets  of  water  shall  not  be 
excessively  thick,  and  at  the  same  time,  they  must  not  allow 
sufficient  passages  so  that  the  steam  may  enter  the  space  F. 

I  recently  conducted  some  tests  on  a  condenser  where  the 
drop  in  vacuum  from  the  air  pump  nozzle  to  the  steam  inlet 
nozzle  was  0.66  in.  of  mercury.  This  excessive  drop,  I  believe, 
was  due  entirely  to  poorly  designed  weirs  and  insufficient  con¬ 
densing  area  at  the  base  of  the  vessel.  In  a  condenser  with  weirs 
properly  designed,  the  drop  in  vacuum  has  been  found  to  be 
less  than  y2  in.  water  gauge. 

We  all  appreciate  the  difficulty  of  keeping  the  connections 
from  the  prime  mover  to  the  condenser  absolutely  tight,  and 
when  the  difficulty  of  operating  a  condensing  plant  is  considered, 
it  seems  to  me  that  an  air  pump  should  be  used  of  considerably 
larger  size  than  most  manufacturers  seem  to  think  necessary.  I 
have  seen  many  plants  where  the  air  pump  was  amply  large  for 
an  absolutely  tight  line,  but  had  no  reserve  capacity  to  care  for 
the  slightest  air  leak.  On  large  lines,  small  air  leaks  are  ex¬ 
ceedingly  difficult  to  locate,  the  most  satisfactory  method  being, 
I  believe,  the  use  of  a  small  flame  produced  by  a  taper  or 
candle. 

The  author  states  that  the  air  pump  should  be  designed  to 
handle  two  to  four  times  the  amount  of  air  brought  in  by  the 
water.  It  seems  to  me  that  it  would  be  better  practice  to  make 
this  eight  to  ten  times  and  contemplate  operating  the  pump  at 
very  slow  speeds.  By  this  method  of  installation  when  air  leaks 
are  developed  during  operation,  the  pump  speed  can  be  increased 
and  a  reasonable  vacuum  maintained  until  such  time  as  the 
pump  can  conveniently  be  taken  off  for  repairs.  In  modern 
steel  mill  practice,  we  all  know  how  important  it  is  to  keep  the 
plant  running  until  the  week’s  end  shut  down.  If  the  pumps 
are  installed  larger  than  would  seem  necessary,  it  will  be  found 
to  greatly  facilitate  the  operation  of  the  plant. 

The  measurement  of  air  delivered  by  an  air  pump  is  ex¬ 
ceedingly  difficult  and  can  probably  best  be  accomplished  by 
means  of  a  nozzle  on  the  discharge  of  the  pump. 

For  determining  the  amount  of  air  in  exhaust  steam,  I  have 
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endeavored  to  use  the  air  detector  as  mentioned  by  Prof.  Trinks. 
The  instrument  which  we  used  was  constructed  as  shown  in  Fig. 
12.  A  was  connected  to  the  line  from  which  the  sample  was 
to  be  drawn,  using  a  short  connection.  A  sample  tube  was 
placed  in  the  line,  being  constructed  similar  to  the  standard 
A.  S.  M.  E.  sampling  tube,  placing  no  holes  near  the  edge  of  the 
pipe.  C  was  connected  to  the  air  pump  suction,  thus  causing 
a  how  through  the  apparatus.  The  water  jacket  was  filled  and  a 
stream  of  water  passed  through  from  D  to  E  having  a  tempera¬ 
ture  of  the  vacuum  in  the  steam  line.  After  enough  steam  had 
flowed  to  produce  a  fair  sample,  the  two  cocks  were  closed.  Tee 
water  was  then  run  through  the  jacket  to  condense  the  steam, 
the  end  B  being  placed  in  a  mercury  cup,  the  mercury  rising 
into  the  measuring  burette.  It  would  seem  as  though  this  appa¬ 
ratus  should  give  good  satisfaction  and  as  though  we  should 
have  little  or  no  trouble  determining  the  amount  of  air  in  the 
sample. 


Fig.  12.  Air  Detector. 


As  mentioned  in  Prof.  Trinks’  paper,  the  difficulties  are 
many,  and  require  a  very  skilled  operator  to  obtain  consistent 
results.  By  very  careful  manipulation  and  exercising  every 
precaution  to  have  tight  connections  and  lines,  we  have  been 
able  to  obtain  results  that  are  consistent  and  which  check  fairly 
with  the  amount  of  air  which  we  should  expect  to  find  in  the 
exhaust  steam. 

It  must  be  understood  that  the  apparatus  shown  is  difficult 
to  manipulate  and  must  be  handled  with  the  greatest  care,  using 
every  precaution  to  insure  absolutely  tight  joints.  Under  these 
conditions,  we  feel  that  the  results  are  reliable.  We  have  en¬ 
countered  practically  all  the  difficulties  in  using  this  apparatus 
which  Prof.  Trinks  mentions,  but  they  have  gradually1  been 
overcome. 


The  Author:  Referring  to  Mr.  Nibecker’s  remarks  on  the 
fact  that  Figs.  2  and  6  are  practically  the  same,  and  that  con- 
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sequently  the  pressure  inequalities  of  Fig.  6  pertain  likewise 
to  Fig.  2,  1  admit  that  lie  is  right,  and  yet  I  think  his  remark 
out  of  place.  1  say  in  my  paper  with  regard  to  Fig.  2:  “If  we 
neglect  the  normally  slight  pressure  drop  for  the  present,  etc.  ’’ 
This  temporary  neglect  is  justified  in  any  analysis  for  the  pur¬ 
pose  of  avoiding  complication  resulting  from  the  study  of  too 
many  variables  at  one  time. 


Mr.  W.  E.  Snyder:*  I  do  not  make  any  pretense  to  dis¬ 
cuss  the  subject  matter  of  this  paper,  as  1  have  not  had  much 
time  to  study  it,  and  what  effort  I  have  been  able  to  put  on  the 
paper  has  not  been  very  effective,  because  of  the  absence  of  the 
figures  used  as  illustrations.  1  will,  however,  attempt  to  present 
a  short  discussion,  using  the  subject  of  the  paper  as  a  topic. 

During  the  past  twelve  years,  I  haAre  had  general  charge  of 
the  installation  of  a  number  of  different  kinds  of  condensing 
plants,  and  also  general  supervision  of  the  operation  of  about 
75  separate  condenser  installations,  which  includes  almost  every 
type  of  condenser  that  has  been  made  during  the  past  20  years 
and  of  capacities  varying  from  that  of  a  small  jet  condenser 
required  for  a  200  k.  w.  power  unit,  up  to  a  central  condenser 
of  250  000  lb.  of  steam  per  hour  capacity,  serving  a  number  of 
large  engines. 

The  sum  total  of  all  the  condenser  experiments  which  would 
result  from  installing  and  operating  so  many  different  types, 
sizes  and  kinds,  under  different  conditions,  causes  me  to  say, 
that  the  one  feature  of  condenser  installations  which  gives  the 
most  trouble  to  the  men  who  have  to  operate  them  is,  lack  of 
air  pump  capacity.  This  is  a  condition  which  is,  or  was,  ap¬ 
parent  in  a  variety  of  forms  in  more  than  three-fourths  of  all 
the  installations  of  which  I  know  anything.  Some  places  it  has 
been  eliminated  and  conditions  are  satisfactory;  at  other  places 
it  lias  not  been  eliminated  and  conditions  will  not  be  satisfactory 
until  it  is. 

It  has  always  seemed  to  me  that  the  companies  designing 
condensers  have  not  made  enough  of  a  study  of  the  operating 
conditions,  and  in  consequence  make  the  air  pumps  too  small. 
The  attempt  is  made  by  means  of  paper  and  lead  pencil  to 

^Mechanical  Engineer,  American  Steel  and  Wire  Co.,  Frick  Building,  Pitts¬ 
burgh. 


DISCUSSION  — A 1 R  IN  JET  CONDENSERS 


507 


determine  the  size  of  the  air  pump  which  must  he  installed,  let 
us  say  with  a  large  barometric  type  central  condenser,  which 
is  serving  a  number  of  engines.  The  results  are  hound  to  he 
disastrous.  There  was  some  excuse  for  this  condition  when 
central  condensing  plants  first  began  to  be  put  in,  and  the  data 
relative  to  operating  conditions  were  very  meagre.  However, 
as  experience  began  to  accumulate,  it  does  not  seem  to  me  that 
the  condenser  companies  engineers  learned  what  they  should 
have  learned  from  their  installations — or  at  least  they  were  not 
willing  to  increase  the  estimated  air  pump  capacities,  as  the 
results  of  actual  use  indicated  that  they  should  be  increased.  1 
remember  one  installation  which  we  made  about  ten  years  ago. 
The  engineer  of  the  company,  about  to  obtain  the  contract,  told 
me  that  the  air  pump  capacity  he  would  furnish  would  be  ex¬ 
ceptionally  large  for  the  capacity  of  the  condenser;  after  I  had 
gone  into  the  matter,  1  made  him  increase  the  capacity  about 
30  percent  above  what  he  considered  was  exceptionally  largo. 
Since  that  time  we  have  put  on  new  cylinders,  again  increasing 
the  capacity  of  the  air  pump  by  50  percent.  This  is  a  true 
illustration  of  the  air  pump  capacity  as  estimated  with  pencil 
and  paper,  and  what  was  actually  required  in  practice. 

Now,  1  am  aware  of  what  the  condenser  engineer  will  say 
in  regard  to  this;  he  will  say  that  the  increased  air  capacity  was 
required  because  more  air  was  allowed  to  leak  into  the  system 
than  he  contemplated  when  he  estimated  the  air  pump  capacit\ . 
This  is  probably  the  correct  reason  too  for  the  increase  of  size 
necessary.  One  other  reason  may  be  mentioned,  and  that  is, 
that  some  condenser  designers  estimate  that  the  water  will  take 
a  certain  percentage  of  the  air  with  it  out  ot  the  tail  pipe,  and 
when  a  condenser  is  put  in  operation  this  does  not  occur,  or 
if  it  does  happen,  it  requires  so  much  water  to  take  out  a  small 
quantity  of  air  that  it  is  a  most  wasteful  way  of  removing  the 
air.  (I  am  speaking  now  with  reference  to  different  types  ot 
barometric  condensers.)  However,  the  tact  remains  that  there 
is  more  air  to  be  removed  from  the  system  than  was  estimated 
by  the  condenser  engineer  and  the  result  in  general  is,  that  a 
large  number  of  condenser  installations  are  operating  with  a 
vacuum  of  from  21  to  24  in.  in  place  of  from  25  to  28  in.,  as  it 
should  be. 
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This  condition  always  reminds  me  of  an  incident  about 
which  I  once  read :  A  poor  washwoman  went  to'  a  physician  be¬ 
cause  she  was  sick.  After  the  doctor  had  examined  her,  he 
asked  her  about  her  circumstances  and  she  told  him  she  had  to 
make  a  living  for  herself  and  six  children  by  doing  washing. 
After  some  further  questioning,  the  doctor  prescribed — she  must 
have  absolute  quiet,  spend  most  of  the  day  in  bed  and  have 
plenty  of  nourishing  food.  At  the  end  of  a  couple  of  weeks 
she  went  back  to  the  doctor,  in  about  the  same  condition  as  she 
was  before.  He  asked  her  if  she  had  followed  out  his  instruc¬ 
tions  implicitly,  and  she  replied  that  she  had  not,  because  she 
couldn’t.  He  simply  brushed  the  whole  matter  aside  by  saying, 
if  she  did  not  propose  to  follow  his  instructions  she  need  not 
expect  to  be  improved.  This  is  the  experience  that  we  have 
had  with  some  condenser  installations,  the  condenser  engineer 
being  the  physician.  He  would  make  a  diagnosis  that  there 
were  air  leaks,  and  consequently  too  much  air  in  the  condenser 
system  and  the  leaks  would  have  to  be  stopped.  Then  would 
follow  various  discussions  with  the  superintendent  of  the  works 
and  his  mechanical  department,  with  a  great  deal  of  search¬ 
ing  for  air  leaks  and  much  general  dissatisfaction,  all  of  which 
might  possibly  result  in  a  very  small  and  temporary  improve¬ 
ment  in  the  vacuum.  Later,  conditions  would  become  as  bad 
as  ever  or  worse,  and  there  would  be  more  work  for  the  mechan¬ 
ical  department,  with  very  doubtful  results.  This  is  a  condi- 
tion  which  more  than  one  superintendent  of  a  works  has  had 
to  deal  with  for  years  and  during  the  time  that  he  has  had  this 
condition,  hundreds  and  possibly  thousands  of  dollars  have  been 
wasted  due  to  the  poor  vacuum  on  a  number  of  large  engines. 
It  is  the  physician  prescribing  the  impossible  for  the  patient 
and  then  washing  his  hands  of  all  responsibility,  if  the  prescrip¬ 
tion  is  not  carried  out.  This  is  the  condition  which  makes  me 
say  that  the  worst  trouble  in  my  experience  in  handling  con¬ 
densers  is,  deficient  air  pump  capacity,  and  that  this  comes  about 
because  the  condenser  companies  persist  in  proportioning  their 
pumps  to  handle  a  theoretical  quantity  of  air— or  at  least  a 
very  small  margin  above  the  theoretical  quantity — whole  in  the 
actual  practical  operating  conditions  of  works,  it  is  not  possible 
for  the  mechanical  men  to  keep  a  condenser  system  so  perfectly 


DISCUSSION — AIR  IN  JET  CONDENSERS  509 

tight  that  the  conditions  which  the  condenser  engineer  had  in 
mind  can  he  attained. 

Just  to  illustrate  what  a  difference  in  practice  there  is 
among  different  condenser  companies  in  proportioning  air 
pumps,  and  to  show  what  the  proposed  user  of  the  installation 
has  to  contend  with,  the  following  comparison  is  given  of  four 
bids  on  the  same  specifications  for  a  condenser  plant  of  110  000 
lb.  of  steam  per  hour  .capacity.  These  bids  were  put  in  in  the 
early  part  of  1912,  so  that  at  that  time  there  was  enough  known 
about  central  barometric'  condenser  plants  to  render  it  unneces¬ 
sary  for  anybody  to  guess  at  the  air  pump  capacity  required. 
The  following  is  the  detail  giving  the  comparison : 


Make  .  H  I  J  K 

Air  pump  size  .  30  X  18  in.  34  X  21  in.  42  X  30  in.  30  X  24  in. 

R.  P.  M.  at  300  ft.  per 

*  min.  piston  speed .  100  86  60  75 

Cu.  ft.  displacement  at 
300  ft.  per  min.  piston 

speed  .  1472.7  cu.  ft.  1891.5  cu.  ft.  2886.3  cu.  ft.  1472.7  cu.  ft. 

Cu.  ft.  displacement  at 

60  r.  p.  m .  883.6  1329.5  2886.3  1177.0 

Percentage  using  J  as 

standard  .  30.6  percent  46.1  percent  100.0  percent  40.8  percent 


This  comparison  shows  that  when  the  pumps  proposed  were 
running  at  the  same  piston  speed  of  300  ft.  per  min.,  the  dis¬ 
placement  of  one  was  just  about  double  what  was  proposed  by 
two  other  companies,  and  the  one  giving  the  highest  displace¬ 
ment,  run  the  lowest  number  of  revolutions.  This  latter  point 
is  better  illustrated  by  the  last  two  lines  of  the  comparative 
table,  which  assume  that  all  of  the  pumps  ran  60  revolutions 
a  fair  speed  for  efficient  operation),  though,  of  course,  a  higher 
speed  could  he  run  if  desired.  This  comparison  shows  that  the 
pump  proposed  by  one  company,  if  at  60  revolutions  would  have 
a  displacement  of  only  about  31  percent  of  the  largest  pump 
proposed  at  the  same  r.  p.  m.,  and  the  other  two  pumps  less 
than  50  percent  of  the  largest.  In  other  words,  here  were  four 
experienced  condenser  builders,  supposedly,  all  proposing  to 
make  a  certain  condenser  installation,  yet  the  air  pump  capacity 
proposed,  when  put  on  an  equal  revolution  basis,  which  is  the 
fairest  comparison  for  the  operator  to  make,  as  it  is  the  best 
comparison  of  the  durability  of  the  pump,  shows  that  one  com- 
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pany  proposes  less  than  one-third  of  the  capacity  of  the  largest; 
another  company  about  41  percent  and  another  46  percent  of 
the  largest.  It  is  fair  to  assume  that  the  one  proposing  the 
largest  air  pump  was  not  making  a  wild  guess,  because  that 
company  has  quite  a  number  of  installations  in  successful  opera¬ 
tion.  My  own  opinion  is,  that  the  largest  proposed  air  pump 
was  not  large  enough,  and  it  this  was  the  case,  what  about  the 
others  ? 

Now,  if  these  smaller  pumps  had  been  put  in,  this  condition 
would  have  come  about:  First,  there  would  have  been  a  period 
of  poor  vacuum,  explained  both  by  the  condenser  builder  and 
the  condenser  purchaser  by  saying,  that  this  is  a  new  installa¬ 
tion,  just  starting  up  and  in  consequence  has  a  number  of  leaks 
which  are  to  be  expected  in  any  new  installation.  1  here  would 
be  some  small  activity  on  the  part  of  the  condenser  builder 
representative  and  a  great  deal  of  strenuous  work  on  the  part 
of  the  mechanical  department  in  the  works  in  which  the  con¬ 
denser  was  located,  until  their  resources  had  been  exhausted,  to 
find  and  stop  leaks.  After  the  excuse  of  “leaks  incidental  to  a 
new  system  had  exhausted  its  efficacy,  and  would  no  longer 
explain  the  condition,  and  the  vacuum  remained  poor,  a  contro¬ 
versy  would  begin  between  the  condenser  man  and  the  pur¬ 
chaser.  The  condenser  man  would  keep  repeating  “air  leaks 
were  plainly  evident;  the  purchaser  would  defy  the  condenser 
man  to  find  them  and  there  would  be  more  activity  on  the  part 
of  the  mechanical  department  of  the  works.  4  his  contro"\  ers\ 
would  continue  with  variations  of  different  kinds,  until  finally 
the  customer  would  get  tired,  pay  for  the  installation  and  it 
would  drag  along  with  22  to  24  in.  vacuum,  possibly  less.  This 
is  no  fanciful  case,  but  is  a  small  chapter  out  of  a  rich  ex¬ 
perience. 

Now  the  secret  of  a  satisfactory  condenser  installation  is 
simply  to  make  the  air  pump  large  enough  to  take  care  of  leaks 
which  are  necessary,  and  which  are  bound  to  exist  under  oper¬ 
ating  conditions.  So  long  as  a  condenser  system  lias  to  be  nursed 
and  petted  in  order  to  keep  a  fairly  respectable  vacuum,  it  is  a 
foregone  conclusion  that  the  air  pump  is  too  small  provided, 
of  course,  that  there  is  sufficient  water  and  the  piping  has  been 
properly  put  up.  The  point  which  it  is  desired  to  make  is,  that 
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the  installation  must  be  proportioned  so  that  good  results  are 
continuously  obtained  with  a  minimum  amount  or  even  lack  of 
attention  on  the  part  of  the  operating  force.  If  there  is  a  loss 
’  of  vacuum  as  soon  as  the  master  mechanic  turns  his  hack,  it  is 
pretty  conclusive  evidence  that  the  air  pump  is  too  small,  be¬ 
cause  there  is  bound  to  be  some  leakage  of  air  around  piston 
rods,  valve  stems,  through  gaskets,  etc.,  which  it  is  not  practical 
to  prevent.  This  leakage  is  variable,  and,  of  course,  produces 
worse  results  during  the  summer.  It  is  simply  nonsense  to  pro¬ 
portion  an  air  pump  so  that  it  necessitates  continual  vigilance 
on  the  part  of  the  master  mechanic  or  his  assistants,  and  requires 
that  an  ordinary  piece  of  apparatus,  which  should  operate  with 
practically  no  attention,  must  needs  he  given  more  supervision 
than  the  most  complicated  piece  of  mechanism.  Even  when  leaks 
are  located  by  means  of  a  torch,  or  various  other  devices  which 
have  to  be  used,  it  is  not  always  possible  or  advisable  to  repair 
them.  For  instance,  suppose  a  leak  is  occurring  through  metal¬ 
lic  packing  on  a  16  in.  piston  rod.  Is  the  master  mechanic  to  be 
compelled  to  take  out  the  rings  and  put  in  new  ones?  If  he 
does  do  this,  he  may  have  trouble  getting  new  rings  to  fit  the  rod  : 
or  he  may  have  more  trouble  with  the  new  ones  than  with  the 
old  ones.  So  it  is  in  case  of  a  leak  through  a  gasket  in  a  large 
pipe.  It  makes  a  very  difficult  and  expensive  job  to  take  out 
a  large  gasket  to  repair  a  small  leak,  and  the  point  which  I  am 
making  and  want  to  emphasize  is,  that  the  air  pump  should 
he  made  large  enough  to  pump  out  some  excess  air  over  and 
above  the  theoretical  quantity,  so  that  some  of  these  leaks  can 
exist  without  destroying  the  vacuum. 

The  paper  of  the  evening  admits  the  advisability  of  plan¬ 
ning  the  air  pump  capacity  large  enough,  hut  says  the  difficulty 
is,  to  know  where  to  draw  the  line.  In  other  words,  of  course, 
it  is  not  possible  to  keep  on  increasing  the  size  of  the  air  pump 
in  order  to  take  care  of  leaks  which  the  mechanical  department 
do  not  want  to  bother  repairing.  1  do  not  think,  however,  that 
this  difficultly  is  very  formidable,  provided  condenser  companies 
would  make  a  study  of  the  operating  conditions  of  their  con¬ 
densers.  At  all  events,  in  proportioning  a  condenser  air  pump, 
I  would  prefer  to  use  the  rule  said  to  have  been  devised  by  the 
late  John  Fritz  in  designing  a  fly  wheel — to  figure  it  out,  double 
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it  and  then  add  some.  It  is  better  to  have  the  air  pump  too 
large  rather  than  too  small;  then  when  the  condenser  plant  is 
new  and  in  good  condition,  the  pump  can  be  run  slowly,  and  this 
can  also  be  done  during  the  winter  months.  During  the  summer, 
or  when  leaks  develop,  the  pump  can  be  run  faster  until  the 
leaks  become  bad  enough  to  necessitate  repairs.  I  think  in¬ 
vestigation  of  condenser  plants  will  show  that  there  is  a  reason¬ 
able  limit  in  the  size  of  an  air  pump,  and  still  not  make  it 
necessary  to  trouble  about  the  leakage  which  it  is  not  practical 
to  prevent,  in  operating  the  system.  If  proper  attention  is 
given  to  this  matter  in  making  an  installation,  the  mechanical 
department  of  the  works  in  which  the*  condenser  is  located, 
will  be  saved  a  great  deal  of  hard  work  and  the  company  owning 
the  condenser  will  be  saved  a  great  deal  of  money,  due  to  the 
fact  that  good  vacuum  is  maintained  continuously. 

Another  difficulty  in  connection  with  the  operation  of  con¬ 
densers,  and  which  is  being  gradually  eliminated,  is  that  of 
driving  both  the  air  and  water  pumps  by  means  of  one  prime 
mover.  It  does  not  take  many  words  to  make  this  statement, 
but  it  has  taken  a  long  time  in  some  works  to  eliminate  a  con¬ 
dition  which  should  never  have  been  permitted  to  come  about 
in  the  first  place.  Tying  air  and  water  pumps  together  makes 
it  impossible  to  vary  the  one  independent  of  the  other.  If  it  is 
desired  to  pump  more  air,  it  cannot  be  done  without  pumping 
more  water  and  vice  versa.  One  good  arrangement  for  a  baro¬ 
metric  condenser  is,  to  have  an  electrically  driven  centrifugal 
water  pump  and  a  reciprocating  steam  driven  air  pump. 

There  is  some  mention  made  in  this  paper  about  the  capacity 
of  the  air  pump  being  affected  by  consideration  of  the  quantity 
of  steam  required  to  heat  the  feed  water.  In  getting  an  air 
pump  of  large  enough  capacity  for  a  condenser  plant,  I  do  not 
think  it  advisable  to  pay  any  attention  to  the  need  for  a  certain 
quantity  of  exhaust  steam  from  the  air  pump.  In  some  instal¬ 
lations  with  which  I  am  familiar,  the  heater  is  from  500  to  1000 
ft.  away  from  the  condenser  plant  and  it  is  not  practical  to  use 
the  exhaust  steam  to  heat  feed  water,  though,  of  course,  it  is 
advisable  to  do  this  if  it  can  be  done.  It  is  much  better,  how¬ 
ever,  to  exhaust  the  air  pump  into  the  condenser,  if  it  is  located 
too  far  away  from  the  heater,  rather  than  decrease  its  size  in 
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order  to  save  steam.  The  quantity  of  steam  used  by  the  air 
pump  is  a  very  small  percentage  of  the  total  steam  condensed, 
and  a  gain  or  increase  of  vacuum  of  3  or  4  in.  on  several  large 
engines  is  wholly  out  of  proportion  to  the  small  increase  in  the 
steam  consumption  of  the  air  pump.  Therefore,  my  suggestion 
is,  to  make  the  best  use  possible  of  the  exhaust  steam  from  the 
air  pump,  but  not  to  allow  this  to  have  any  bearing  whatever 

on  proportioning  the  air  pump. 

I  previously  referred  to  the  fact  that  some  leakage  ot  air 
into  the  exhaust  system  under  vacuum  is  bound  to  occur.  T 
want  to  suggest  a  few  general  rules  for  keeping  this  leakage 
down  to  a  minimum :  All  large  pipes  in  an  exhaust  system  should 
be  made  of  heavy  plate,  well  riveted;  the  thickness  of  the  plate, 
of  course,  depending  somewhat  on  the  diameter  of  the  pipe,  but 
varying  from  *4  in.  or  T5^  in*  f°r  20  in.  pipe  to  ^  in-  or  12  in- 
for  60  in.  pipe.  This  plate  work,  riveting,  etc.,  should  be  con¬ 
structed  as  carefully — though,  of  course,  the  seams  will  not  need 
to  be  as  strong — as  if  the  pipes  were  to  contain  high  pressure 
steam.  If  a  thoroughly  good  job  of  riveting  is  done  and  the 
joints  well  caulked,  one  long  and  important  step  toward  the 
prevention  of  leaks  will  have  been  taken.  Another  thing  is,  to 
keep  the  number  of  flanges  as  low  as  possible,  and  where  flange 
connections  are  necessary,  to  use  every  care  in  putting  on  the 
flanges  and  bolt  them  up  with  a  good  gasket  between.  Another 
point  is,  to  make  all  exhaust  piping  accessible  so  that  every 
part  can  be  tested  for  leaks,  and  if  any  leaks  are  found,  it  is 
possible  to  get  at  them  and  repair  them.  I  have  seen  exhaust 
pipes  buried  in  out  of  the  wav  places  so  that  it  was  impossible 
to  make  any  kind  of  a  test,  and  even  if  leaks  were  found,  it  was 
not  possible  to  get  at  them  to  repair  them.  Such  conditions  can 
just  as  well  be  avoided  when  an  installation  is  being  made. 

With  good  riveted  piping,  properly  put  in  for  the  main 
lines,  and  all  joints  made  up  properly  in  the  branch  lines,  the 
other  places  where  leaks  are  apt  to  occur  are  around  engines  or 
turbines,  where  the  pipes  are  connected,  and  at  the  stuffing  boxes. 
Even  with  the  best  care,  there  is  some  leakage  bound  to  occur 
here,  and  the  only  salvation  is  plenty  of  air  pump  capacity. 
(Of  course,  in  all  of  this  discussion  I  am  referring  particularly 
to  condensers  used  in  steel  works  and  other  kinds  of  steel  manu- 
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facturing  plants,  and  do  not  refer  to  the  more  favorable  con¬ 
ditions  of  large,  modern  power  houses.)  There  are  other  ways 
by  which  air  gets  into  exhaust  lines,  one  of  which  is,  when  a 
boiler  is  filled  with  water,  very  often  the  vent  cock  is  not  opened, 
and  the  air  that  is  in  the  boiler  is  trapped  in  the  upper  part  of 
the  drums,  carried  over  with  the  steam  and  finds  its  way  to  the 
condenser;  thus  causing  the  air  pump  to  make  a  great  many 
strokes  to  get  rid  of  this  air.  Of  course,  the  remedy  for  this  is 
apparent. 

In  this  discussion,  1  may  seem  to  over  emphasize  the  im¬ 
portance  of  large  air  pump  capacity.  However,  I  do  not  think 
it  possible  to  over-emphasize  this  point,  because,  after  a  large 
.  sum  of  money  is  expended  to  make  a  condenser  installation,  it 
seems  absurd  to  plan  the  installation  so  that  it  is  not  possible 
to  obtain  the  maximum  return  on  the  investment.  It  was  found 
by  careful  test  at  the  59th  Street  Station  of  the  Interboro  Rapid 
Transit  Co.  of  New  York,  that  an  increase  of  vacuum  of  from 
25  to  28  inches  caused  a  reduction  of  8  percent  in  steam  con¬ 
sumption  of  the  engine.  This  gives  some  idea  of  the  increased 
saving  effected  by  improvement  in  vacuum,  and  it  is  just  as  easy 
to  carry  26  to  28  in.  vacuum  in  a  good  condenser  installation  of 
a  steel  works,  as  it  is  to  carry  22  to  24  in.,  provided  the  instal¬ 
lation  is  made  properly.;  the  first  cost  is  but  very  little  more 
and  the  operating  cost  is  also  but  very  slightly  increased,  while 
the  return  on  the  investment  resulting  from  good  vacuum  as 
compared  to  poor  vacuum  is  very  much  larger.  In  addition  to 
this  increased  return,  which  is  largely  accomplished  by  a  large 
air  pump,  this  large  air  pump  will  also  relieve  the  mechanical 
department  of  the  works  from  a  great  deal  of  worry  and  trouble. 
It  is  for  these  reasons  that  I  emphasize  the  necessity  for  plenty 
of  air  pump  capacity,  and  urge  the  condenser  builder  to  pro¬ 
portion  their  air  pumps  to  suit  practical  working  conditions: 
and  not  in  accord  with  some  theoretical  principles,  which  make 
no  allowance  for  practical  operating  mill  conditions. 

The  Author:  I  agree  with  Mr.  Snyder  that  air  pumps 
should  be  quite  large,  and  did  say  so  in  my  paper,  but  I  also 
said:  “Where  are  we  to  draw  the  line?”  Shall  condenser  build¬ 
ers  figure  with  14  percent  of  air  in  the  steam,  or  with  one  or 
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two  percent?  A  very  successful  condenser  salesman  told  me 
that  he  always  visited  the  plant  to  which  he  tried  to  sell  a  con¬ 
denser  and  “sized  it  up”  If  everything  about  the  plant  was 
well  kept,  he  bid  on  a  small  air  pump ;  if  things  were  not  properly 

kept,  he  bid  on  a  large  air  pump. 

If  Mr.  Snyder  and  other  engineers  in  a  similar  position  will 

specify  how  much  air  is  coming  in  with  the  steam,  the  eon- 
denser  builders  will  have  something  to  go  by,  and  the  bids  will 
he  uniform.  In  the  absence  of  such  information  they  must 
guess  at  the  length  of  the  exhaust  lines  and  at  the  efforts  which 
the  “mechanical  department  will  make  to  keep  the  lines  and 
packings  tight.  It  is  really  a  wonder  that  their  guesses  are  not 
farther  apart  than  the  figures  which  Mr.  Snyder  gives  as  a 
deterring  example. 

Any  statement  of  the  form  :  “'Air  pumps  are  not  large 
enough,  and  should  be  made  larger  is  of  just  as  little  ^Mue  as 
the  clause  which  is  found  in  condenser  contracts:  “Such  and 
such  a  vacuum  is  guaranteed,  provided  that  the  lines  are  reason- 
ablv  (or  commercially)  tight.  "W  hat  is  reasonably  tight  .  1  lit* 
two  statements:  “The  air  pump  is  not  large  enough  and  I  In 
lines  are  not  commercially  tight  are  a  worthy  pair  of  brethren. 

One  of  the  most  fruitful  sources  of  air  leaks  lies  in  rod 
and  shaft  packings.  I  have  seen  piston  rod  packings  on  low 
pressure  cylinders  so  loose  that  the  inrush  of  air  blew  a  torch 
out.  Steam  turbine  engineers  realize  this  fact  and  equip  their 
packings  with  steam,  or  water,  seal.  The  engine  builder  is  in 
a  less  fortunate  position,  because  every  master  mechanic  has  a 
hobby  concerning  metallic  packings,  and  resents  any  interfer¬ 
ence.  Besides,  the  engine  builder  does  not  care  so  much,  because 
a  slight  drop  in  vacuum  does  not  affect  engine  economy  nearly 
as  much  as  it  affects  that  of  the  turbine. 

My  remarks  about  the  use  of  exhaust  steam  from  condenser 
auxiliaries  for  feedwater  heating  referred  to  central  station 
practice  only,  and  not  to  mill  practice. 

Mr.  Alex.  L.  Hoerr  :*  In  reply  to  Prof.  Trinks  1  would 
like  to  say  that  Mr.  Snyder’s  point  regarding  the  size  of  the  air 
pump  is  probably  this : 

For  years  condenser  builders  have  been  furnishing  eon- 

*Steam  and  Hydraulic  Engineer,  National  Tube  Company,  McKeesport,  Pa. 
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densers  and  air  pumps  of  standard  sizes  to  handle  given  quan¬ 
tities  of  steam,  in  spite  of  the  fact  that  operating  experience  has 
repeatedly  shown  the  air  pump  capacity  to  be  inadequate.  Mr. 
Snyder  believes  that  the  builders  should  have  profited  by  this 
experience  and  gradually  increased  the  pump  capacity  until 
satisfactory  service  was  secured  under  the  conditions  usually 
encountered. 

Mr.  J.  B.  Shatzer:*  We  regret  very  much  that  it  was 
impossible  for  us  to  get  our  data  and  material  here  in  time  for 
Prof.  Trinks  to  embody  it  in  his  paper,  but  with  the  permission 
of  the  Society  we  will  present  what  we  have  at  this  point  in  the 
discussion. 

In  his  paper  Prof.  Trinks  mentions  jet  condensers  in  which 
the  condensing  water  is  sub-divided  and  passed  through  the  con¬ 
denser  at  a  high  velocity,  and  for  which  no  air  pump  is  re¬ 
quired. 

In  the  condenser  which  I  wish  to  bring  before  you  this 
principle  is  employed,  and  before  going  into  a  discussion  of  the 
performance  of  the  condenser  it  would  be  well  to  explain  its 
action. 

Figure  13  herewith  shows  a  sectional  view  of  this  type  of 
multi- jet  condenser.  The  steam  enters  the  condenser  either 

at  the  top  or  at  the  side  inlet,  and  the  water  is  admitted  at  the 
inlet  to  the  left,  and  is  maintained  at  a  pressure  of  9  lb.  in  the 
water  head.  This  gives  the  water  a  high  velocity  when  passing 
through  the  several  nozzles  which  are  set  so  that  the  jets  con¬ 
verge  in  the  throat  in  the  lower  part  of  the  condenser.  The 
steam  when  it  enters  the  condenser  is  eVenlv  distributed  around 
the  jets  by  means  of  a  series  of  vanes  called  the  combining  tube. 
The  steam  coming  in  contact  with  the  jets  is  condensed,  while 
the  air  is  entrained  by  the  jets  and  carried  off  through  the  tail 
pipe.  This  condenser  is  capable  of  carrying  vacuum  up  to  29 
in.  of  mercury. 

It  was  our  intention  to  make  complete  tests  upon  condensers 
to  determine  under  given  conditions  the  following  data :  First, 
the  number  of  pounds  of  water  to  condense  a  pound  of  steam 
under  different  vacuum  and  water  temperature  conditions ; 
second,  the  performance  of  the  condenser  as  an  air  pump,  that 

^Engineer,  Schutte  &  Koerting  Company,  Keenan  Building,  Pittsburgh. 
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is,  the  amount  of  air  the  condenser  will  handle  without  admit¬ 
ting  any  steam  into  the  exhaust;  third,  the  amount  of  air  the 
condenser  will  handle  when  condensing  its  full  quota  of  steam. 

Owing  to  the  fact  that  we  have  only  recently  had  the  use 
of  our  new  testing  plant,  we  were  enabled  to  procure  only  the 
first  and  third  of  these  points,  namely,  the  water  ratio  of  the 
condensers  under  test  and  the  amount  of  air  handled  without 
admitting  steam. 


,  0  &OTTOri 


Fig.  13.  Multi-Jet  Condenser. 

Figure  14  is  a  set  of  curves  in  which  the  vacuua  are  plot¬ 
ted  against  the  number  of  pounds  of  water  required  to  con¬ 
dense  one  pound  of  steam,  each  curve  representing  a  different 
water  temperature,  namely,  60,  70,  80  and  90  degrees.  It  will 
be  noted  that  these  water  ratios  run  on  the  average  higher  than 
those  required  for  the  ordinary  jet  condenser,  and  in  most  cases 
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the  difference  in  temperature  between  the  theoretical  vacuum 
and  the  tail  water  is  about  15  degrees,  which  difference  is,  of 
course,  higher  than  that  obtained  by  other  condensers.  In  ex¬ 
planation  of  this  we  would  call  attention  to  the  fact  that  the 
work  ordinarily  done  by  an  air  pump  in  a  condensing  system  is 
in  this  case  taken  care  of  by  the  extra  water  passing  through 
the  condenser,  the  idea  being  that  it  is  more  economical  to  re¬ 
move  air  by  means  of  a  highly  efficient  water  pump  than  by  an 
air  pump  of  low  efficiency. 


Referring  now  to  the  air  handling  capacity  of  the  condenser 
we  call  your  attention  to  the  set  of  curves  shown  in  h  ig.  15.  In 
these  curves  the  vacuum  in  inches  of  mercury  is  plotted  against 
the  weight  of  air  in  pounds  per  minute  admitted  to  the  con¬ 
denser  without  allowing  any  steam  to  enter  the  condenser.  The 
condenser  used  on  this  test  is  what  is  known  as  the  No.  38,  'which 
is  capable  of  condensing  16  000  lb.  of  steam  per  hour;  maintain¬ 
ing  a  vacuum  of  28  in.  referred  to  30;  and  requiring  2200  gal. 
per  min.  of  70  degree  circulating  water.  In  the  test  the  water 
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temperature  was  maintained  at  TO  degrees,  and  the  outside  air 
temperature  was  75  degrees,  while  the  pressure  of  the  water 
in  the  head  of  the  condenser  was  varied  from  9  to  12  and  to 

15  lb. 

From  these  curves  it  is  readily  seen  that  the  air  handling 
capacity  of  the  condenser  increases  with  the  pressure  main¬ 
tained  on  the  condensing  water,  and  that  at  a  pressure  of  15 
lh.  in  the  water  head,  it  is  possible  to  admit  0.7  lb.  of  air  per 


minute  and  still  maintain  a  vacuum  of  about  20  in.  This,  of 
course,  is  not  a  large  air  handling  capacity  when  compared  to 
an  air  pump  requiring  the  same  amount  of  power,  but  on  the 
other  hand  this  condenser  is  not  advanced  as  an  air  pump  alone. 

J n  Fig.  16  curves  of  a  similar  nature  were  plotted  except 
that  in  this  case  the  condenser  used  in  the  test  was  of  much 
smaller  capacity  and  was  the  No.  33  which  is  capable  of  con¬ 
densing  8000  lb.  of  steam  per  hour,  maintaining  a  vacuum  of 
28  in.  with  1135  gal.  per  min.  of  70  deg.  circulating  water. 
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The  air  temperature  and  the  water  pressure  were  kept  constant, 
namely,  75  degrees  and  9  lb.,  while  the  water  temperature  was 
varied  from  70  degrees  to  80.5  degrees  and  to  90  degrees.  In 
this  case  it  is  seen  that  the  air  handling  capacity  of  the  condenser 
increases  as  the  temperature  of  the  condensing  water  decreases, 
and  in  this  case  it  is  seen  that,  with  70  degree  water  and  a  pres¬ 
sure  of  9  lb.,  the  condenser  is  capable  of  handling  1.75  lb.  of  air 


per  minute  and  maintain  a  vacuum  of  21%  in.  This  does  not 
agree  with  the  results  shown  by  the  curves  in  Fig.  15,  but  this 
is  due  to  the  fact  that  these  tests  were  run  on  condensers  of 
dfferent  size. 

In  conclusion  we  "wish  to  call  attention  to  the  fact  that  these 
tests  as  run  would  place  the  condenser  under  the  worst  possible 
conditions  as  an  air  pump,  the  reasons  being  as  follows : 

The  air  entering  the  condenser  through  the  steam  inlet 
moves  at  a  very  high  velocity  (probably  600  ft.  per  sec.),  and  at 
this  high  velocity  when  it  strikes  the  jets  of  water  the  tendency 
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is  for  the  air  to  rebound  and  move  in  all  directions.  A  very 
small  portion  of  it  clings  to  the  jets  and  is  carried  off  by  the  tail 
water.  Now,  if  the  air  were  admitted  with  steam  the  tendency 
would  be  for  the  steam  to  move  uniformly  towards  the  jets  where 
it  would  be  condensed,  and  in  doing  this  the  steam  crowds  the 
air  against  the  jets  and  holds  it  there  until  the  water  drags  the 
air  away  with  it  by  viscous  drag  or  entrainment.  Therefore, 
the  air  handling  capacity  of  the  condenser  when  condensing 
steam  would  be  considerably  higher  than  when  handling  air 
alone. 

Mr.  R.  M.  Rush:*  Prof.  Trinks’  remarks  on  steam  sealed 
stuffing  boxes  were  of  particular  interest  to  me,  for  the 
reason  that  the  company  with  which  1  am  connected  has  made 
some  very  interesting  experiments  along  the  line  of  carbon  pack¬ 
ing  and  steam  sealed  glands  on  turbines  and  engines. 

The  problem  was  an  exhaust  steam  turbine  operating  in 
connection  with  an  engine  and  governed  entirely  by  the  engine ; 
that  is,  the  turbine  governor  was  not  used  when  the  combination 
engine  and  turbine  set  was  in  operation.  The  only  difficulty  en¬ 
countered  was  that  at  partial  load  the  vacuum  would  go  back 
into  the  engine  cylinder.  That  is,  at,  say,  half  load  the  turbine 
would  operate  between  10  in.  and  28  in.  of  vacuum,  and  the 
engine  would  exhaust  at  a  vacuum  of  10  in.  While  this  is  not 
very  high  vacuum,  the  air  leaks  around  the  stuffing  boxes  of 
the  engine  would  be  so  great  that  the  vacuum  would  be  inter¬ 
fered  with  in  the  condenser.  By  the  introduction  of  carbon 
packing,  the  same  as  used  on  steam  turbines ;  that  is  carbon 
packing  rings — split  in  three  parts  and  held  together  with  a 
spring — it  was  possible  to  prevent  the  leakage  of  air  along  the 
engine  piston  rod. 

Carbon  rings  will  run  closer  to  a  shaft  than  any  other  ma¬ 
terial  and  it  has  often  occurred  to  me  that  carbon  packing 
might  be  used  to  advantage  on  engines  and  other  reciprocating 
machinery.  I  do  not  know  whether  this  has  been  tried  in  prac¬ 
tice,  but  it  works  perfectly  with  steam  turbines  and  1  know 
of  no  reason  why  it  would  not  work  on  steam  engines.  It  seems 
to  me  that  low  vacuum,  which  seems  quite  common  around  steel 

•District  Manager,  Kerr  Turbine  Company,  Oliver  Building,  Pittsburgh. 
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mills,  might  be  bettered  by  the  introduction  of  carbon  steam 
sealed  packing  on  reciprocating  units., 

Mr.  Nathan  Owitz*  :  We  appreciate  that  it  is  a  line  thing 
to  have  a  condenser  with  an  amply  large  area  for  overload 
conditions,  and  an  equally  excellent  thing  to  have  an  air  pump 
capable  of  handling  a  larger  quantity  of  air  than  the  condi¬ 
tions  under  which  it  is  to  operate;  in  other  words,  to  have  the 
condenser  and  air  pump  larger  than  is  really  needed  for  the 
duty  required.  This  is  especially  true  for  the  air  pump.  There 
is  one  objection  to  this  item,  however,  as  it  means  that  the  pur¬ 
chaser  will  have  to  pay  an  increased  price  for  the  larger  unit. 

Speaking  of  the  original  paper  that  was  submitted  this 
evening,  I  want  to  mention  a  very  important  point  which  might 
set  some  of  us  to  thinking.  It  was  not  so  very  long  ago  that 
condenser  manufacturers  did  not  think  it  necessary  to  break  up 
the  circulating  water  when  it  entered  a  jet  condenser.  It  was 
thought,  as  long  as  an  ejector  effect  was  made  jiossible  by  ar¬ 
ranging  a  converging  throat  between  the  condenser  cone  and 
the  tail  pipe,  that  this  would  be  the  means  of  entrapping  all 
the  air  that  came  into  the  condenser  shell  with  the  exhaust 
steam,  through  leaks  and  with  the  circulating  water.  Later  very 
expensive  and  rather  expensive  experiments  were  made  with 
a  view  to  breaking  up  the  circulating  water  into  a  very  fine 
spray  or  rain.  Some  objections  were  made  regarding  this  item 
at  the  beginning,  for  the  thought  was  advanced  that  when  the 
circulating  water  was  broken  up  very  fine  it  released  all  the  air 
that  was  brought  in  with  the  circulating  water,  and  instead  of 
the  air  being  taken  off  by  means  of  the  ejector  effect,  it  liber¬ 
ated  an  extra  quantity  of  air  that  had  to  be  handled  by  the 
air  pump.  However,  it  was  found  that  since  an  air  pump  was 
necessary  to  a  good  installation,  from  every  conservative  engi¬ 
neering  standpoint,  it  was  the  function  of  the  air  pump  to 
handle  all  the  air  and  the  result  is  that  most  prominent  build¬ 
ers  will  refuse  to  figure  on  a  barometric  condenser  that  is  to 
operate  with  a  28  in.  vacuum  unless  an  air  pump  goes  with  the 
machine. 

The  circulating  water  is  broken  into  a  very  fine  spray 
as  the  experiments  showed  that  an  intimate  mixture  between  the 

^District  Manager,  Wheeler  Condenser  &  Engineering  Co  .  Oliver 
Building,  Pittsburgh. 
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circulating  water  and  the  exhaust  steam  is  necessary  to  a  good 

installation. 

It  was  mentioned  this  evening  that  the  condenser  builders 
knew  so  very  little  about  the  behavior  of  a  jet  condenser  and 
air  pump  that  they  guess  at  the  equipment  they  offer  to  meet 
certain  guarantees.  In  view  of  the  tact  that  there  is  such  a 
number  of  installations  of  this  type  of  machine  throughout  the 
country  that  are  meeting  and  exceeding  guarantees  every  day, 
it  would  appear  that  the  condenser  builders  must  know  a  little 
bit  about  their  equipment,  or  must  be  pretty  good  guessers. 
Surely,  enough  progress  has  been  made  in  condenser  practhc 
to  eliminate  the  guessing  part  of  the  question  and  I  believe  that 
condenser  builders  know  what  results  can  be  obtained  with  cer¬ 
tain  machines  when  operating  under  certain  conditions,  especial¬ 
ly  when  they  are  willing  to  make  absolute  guarantees  co\ering 
%/  ** 

their  equipment. 

We  all  know  that  most  machinery  is*  tested  before  final 
payment  is  made  and  when  equipment  tails  down,  the  purchaser 
has  a  very  good  comeback.  .  If  the  condenser  builders  do  so 
much  guessing  and  know  so  very  little  about  their  equipment 
as  has  been  brought  up  this  evening,  then  1  think  some  of  us 
would  finally  get  into  such  bad  financial  straits  that  we  would 
have  to  go  out  of  business.  Fortunately  these  conditions  do  not 

exist. 

Taking  for  granted  that  the  condensation  of  steam  is 
thoroughly  understood  we  find  that  we  need,  in  order  to  obtain 
a  high  vacuum,  the  following  factors : 

First :  Sufficient  cooling  water  to  abstract  the  latent  heat 

of  the  steam. 

Second:  Such  construction  of  the  condenser  as  will  insure 
ready  transmission  of  heat  from  steam  to  water  and  full  utili¬ 
zation  of  all  the  water. 

Third  :  The  withdrawal  of  the  air  at  a  temperature  as  low 
as  possible  and  where  the  proportion  of  air  to  steam  is  gieabst. 

Fourth  :  Sufficient  air  pump  displacement  to  dispose  of 
the  mixture  of  air  and  uncondensed  vapor. 

In  ordinary  jet  condensers  water  and  steam  are  admitted 
at  the  top  of  the  condensing  chamber  and  fall  together  to  the 
bottom,  where  they  are  withdrawn  by  a  pump  or  barometric 
column.  The  air  present  is  removed  either  by  the  outgoing 
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Fig.  17.  Counter  Current  Type  of  Jet  Condenser. 
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water  which  entraps  the  air  and  forces  it  to  the  atmosphere,  or 
else  an  air  pump  is  connected  at  the  top  of  the  condenser  and 
the  non-condensable  gases  removed  in  this  manner.  With  the 
ejector  type  it  is  difficult  to  obtain  vacuums  of  more  than  25  to 
26  inches,  due  to  the  fact  that  the  water  will  onlv  entrain  a 
limited  amount  of  air,  unless  the  circulating  water  is  delivered 
to  the  condenser  under  a  greater  velocity  head  and  the  amount 
of  circulating  water  increased.  In  comparing  the  type  of 
condenser  that  is  guaranteed  to  maintain  a  vacuum  of  28  in. 
without  the  use  of  an  air  pump  to  the  type  that  is  figured  on 
using  an  air  pump,  it  will  be  found  that  the  water  in  the 
ormer  goes  to  the  condenser  at  a  higher  velocity  head  and 
that  the  quantity  of  water  required  is,  in  some  instances,  over 
100  percent  more  than  is  required  in  the  latter  type.  This 
means  that  larger  pumps  will  have  to  be  installed  to  operate  in 
connection  with  the  first  type  of  machine  mentioned  and  the 
charges  for  pumping  will  naturally  be  much  greater.  Most  of 
the  builders  of  the  jet  type  condenser  will  not  recommend  con¬ 
densers  without  air  pumps,  where  a  28  in.  vacuum  is  desired 
and  some  of  them  will  not  even  quote  on  such  an  outfit. 

On  the  other  hand,  where  it  is  attempted  to  obtain  high 
vacuum  by  connecting  a  dry  air  pump  to  the  top  of  a  con¬ 
denser  of  this  type,  the  temperature  is  relatively  high  and  the 
proportion  of  air  to  steam  in  the  mixture  is  very  low,  necessitat¬ 
ing  a  pump  of  undue  size.  As  will  be  pointed  out  in  the  latter 
part  of  this  paper,  low  air  pump  suction  temperature  results  in 
a  great  reduction  in  volume  of  non-condensable  gases,  because 
of  the  lower  vapor  pressure  and  correspondingly  increased 
density  of  air  at  low  temperature. 

The  primary  advantages  of  a  good  jet  condenser  lie  in  the 
fact  that  it  utilizes  the  heat  absorbing  capacity  of  the  cooling 
water  to  the  greatest  degree,  discharging  it  from  the  bottom  of 
the  condenser  at  almost  the  exact  temperature  of  the  steam,  while 
at  the  same  time  outgoing  non-condensable  gases  come  in  con¬ 
tact  with  the  water  entering  at  the  top  of  the  shell  and  are, 
therefore,  cooled  to  the  lowest  temperature. 

Thus,  while  the  total  pressure  in  the  condenser  is  constant, 
the  partial  pressures  going  to  make  up  this  total  pressure  are 
so  maintained  in  the  top  and  bottom  of  the  condenser  as  to 
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result  in  the  highest  economjy.  In  the  bottom  of  the  condenser 
where  high  water  temperature  is  desired,  the  total  pressure  is 
made  up  almost  entirely  of  steam  pressure.  In  the  top  of  the 
condenser  where  it  is  desirable  to  have  high  partial  air  pres- 
sure  so  as  to  insure  high  density  of  the  non-condensable  gas, 
the  low  temperature  of  the  incoming  cooling  water  insures  a 
low  water  vapor  ‘  or  steam”  pressure,  hence  high  air  pressure. 

In  the  specific  jet  condenser,  shown  in  Fig.  17.  the  cool¬ 
ing  water  can  be  discharged  at  exactly  the  temperature  ot  the 
exhaust  steam.  The  efficiency,  therefore,  may  be  100  percent. 
The  high  efficiency  at  which  a  condenser  of  this  type  may  oper¬ 
ate  is  shown  in  the  accompanying  table. 


RESULTS  OF  TESTS  OF  A  JET  CONDENSER 


Vacuum 

Inches. 

Absolute 

pressure. 

Inches 
mercury. 
Corrected  for 
Barometer  oi 
29.9  Inches. 

Corresponding 
temperature  of 
exhaust  steam. 
Degrees  F. 

Injection 
water  tempera¬ 
ture.  Degrees 
F. 

Outlet  water 
temperature. 
Degrees  F. 

Difference  in 
temperature 
between  steam 
and  circulating 
water. 
Degrees  F. 

28.65 

1.25 

85.5 

44 

85 

0.5 

28.7 

1.2 

85 

44 

85 

0.0 

28.75 

1.15 

83.5 

44 

83 

0.5 

28.7 

1.2 

85 

44 

83 

2.0 

28.75 

1.15 

83.5 

44 

80 

3.5 

28.75 

1.15 

83.5 

44 

81 

2.5 

28.65 

1.25 

85.5 

44 

80 

5.5 

28.55 

1.35 

88.5 

44 

87 

1.5  • 

28.75 

1.15 

83.5 

43 

79 

4.5 

28.75 

1.15 

83.5 

43 

76 

7.5 

28.6 

1.3 

87 

43 

82 

5.0 

28.6 

1.3 

87 

43 

82 

5.0 

28.7 

1.2 

85 

43 

82 

3.0 

28. 6o 

1.25 

85.5 

43.5 

82 

3.5 

28.75 

1.15 

83.5 

43.5 

83 

0.5 

As  higher  and  higher  vacuums  are  demanded  in  modern 
turbine  plants,  the  temperature  of  the  condensed  steam  has  been 
necessarily  reduced.  In  condensers  so  designed  that  the  cooling 
water  is  discharged  15  to  20  degrees  lower  than  the  steam 
temperature,  this  has  resulted  in  tail  water  of  very  low  tempera¬ 
ture,  representing  where  the  boiler  feed  is  drawn  from  the  con¬ 
denser.  an  unwarranted  increase  of  two  to  three  percent  in  coal 
consumption.  However,  as  the  temperature  of  the  tail  water 
is  always  as  high  as  is  possible  for  the  vacuum  maintained,  no 
loss  in  value  of  the  boiler  feed  is  sustained. 


r*wwm  ■  n  it  11  wre  uionii,  unrcnug  ~nre 
Boiler  with  Peed  Water. 
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With  increased  consumption  of  cooling  water  in  ordinary 
jet  condensers  a  larger  air  pump  and  an  increased  power  con¬ 
sumption  by  that  pump  would  follow,  from  the  increased 
amount  of  air  brought  into  the  condenser  by  the  cooling  water. 
As  is  shown  in  Fig.  18,  a  large  proportion  of  the  air  removed 
from  a  jet  condenser  is  brought  into  it,  in  solution  with  the 
condensing  water.  Assume  for  instance,  that  with  a  condenser 
in  which  the  water  rises  from  70  to  100  degrees,  the  total  air 
removed  per  minute  is  one  pound.  Referring  to  Fig.  18,  let  it 
be  assumed  that  40  percent  of  this,  0.4  pounds  is  brought  in  by 
the  cooling  water.  If  now  the  rise  in  temperature  of  the  water 


Fig.  18.  Approximate  Proportions  in  Which  Air  from  Various  Sources 

Enters  a  Jet  Condenser. 


were  only  15  deg.  instead  of  30  deg.,  then  twice  as  much  water 
would  necessarily  be  used  and  0.8  pounds  instead  of  0.4  pounds 
would  he  brought  into  the  condenser  by  the  cooling  water. 
Hence  the  total  weight  of  air  to  be  handled  by  the  air  pump 
would  be  increased  from  one  pound  to  1.4  pounds  or  40  percent. 
Thus  to  maintain  the  same  vacuum,  an  air  pump  of  40  percent 
greater  capacity  will  be  needed,  to  say  nothing  of  the  tail  pump 
of  100  percent  increased  capacity. 

The  counter  current  type  of  construction  of  a  jet  condenser 
and  the  consequent  cooling  of  non-condensable  gases  passing  to 
the  air  pump  at  a  low  temperature,  results  in  the  load  on  the 
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air  pump,  to  maintain  a  given  vacuum  in  the  condenser,  being 

a  minimum.  '  „  , 

The  great  reduction  in  volume  resulting  from  decreasing 

temperature  of  an  air-steam  mixture  whose  total  pressure  is 
constant  as  in  a  condenser,  can  be  best  shown  by  a  typical  ex¬ 
ample.  Assume  for  instance,  that  the  vacuum  in  a  condenser  is 
28  in.,  or  practically  one  pound  absolute.  This  total  pressure 
is  the  result  of  the  partial  pressure  of  the  steam  and  of  the 
air  mixed  with  it  and  is  constant  throughout  the  condenser.  The 
partial  pressure  of  the  steam  or  water  vapor  is  determined  by 
the  temperature  existing,  the  lower  the  temperature,  the  lower 
the  steam  pressure.  The  lower  the  pressure  and  the  tempera¬ 
ture  of  the  vapor,  the  higher  must  be  the  pressure  of  the  air, 
since  the  total  pressure  remains  constant.  Assume  then  that 
with  a  28  in.  vacuum,  the  temperature  of  the  air  pump  suction 
is  90  deg.  The  pressure  of  the  steam  in  the  mixture  being 
determined  by  that  temperature,  we  obtain  from  steam  tables 
that  the  partial  pressure  of  the  steam  equals  1.417  inches  of 
mercury.  The  remaining  pressure  2  —  1.417  =  0.583  in.,  is 
the  partial  pressure  of  the  air.  From  this  pressure  and  the 
temperature  of  90  deg.  the  volume  of  each  pound  of  air  is  de¬ 
termined  as  follows : 


12.387  X 


29-92  460  +  90  =  n0  cu  ft 

0.583  '  460  +  32 


where  12.387  is  the  volume  of  a  pound  of  air  at  32  deg.  Fahr. 
and  a  pressure  of  29.92  inches  of  mercury  or  atmospheric  pres- 

sure. 

Now  if  the  temperature  of  the  air  pump  suction  be  70  deg. 
Fahr.,  then  the  pressure  of  the  steam  vapor  in  the  mixture  will 
be  0.739  inches  of  mercury,  as  obtained  from  steam  tables  and, 
therefore,  the  air  pressure  must  be  2  — .739  =f  1.261  inches  of 
mercury.  Thus  it  is  seen  by  reducing  the  temperature  of  the 
air  pump  suction  20  deg.  the  pressure  of  the  air  has  been  more 
than  doubled.  This  results  in  a  pound  of  air  being : 


29.92  /  469  +  70 

l2-38 1  X  j  261  X  460  +  32 


320  cu.  ft. 


The  curves  in  Fig.  19  are  figured  on  a  similar  basis  and 
show  the  volume  of  an  air-steam  mixture  containing  one  pound 
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of  air,  for  different  vacuums  and  for  different  temperatures  of 
air  pump  suction. 

Cold  air  pump  suction  is  especially  necessary  in  jet  con¬ 
densers  because  with  that  type  more  air  must  be  removed  than 
with  the  surface  condenser.  It  is  well  known  that  water  con¬ 
tains  in  solution  a  large  amount  of  air.  Under  reduced  pres¬ 
sure  in  the  condenser,  this  is  liberated  and  unless  removed  by 
the  pump,  will  greatly  reduce  the  vacuum  maintained.  Ex¬ 
periment  has  shown  that  the  total  amount  of  air  in  a  jet  con¬ 
denser  is  contributed  from  three  sources  about  as  shown  in 
Fig.  18. 


Fig.  19.  Volumes  of  Air  Steam  Mixtures  per  Pound  of  Air. 
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Air  can  also  be  introduced  with  the  circulating  water,  in 
a  suspended  or  globular  state,  where  the  water  supplied  to  the 
condenser  has  been  allowed  to  spray  or  become  similarly  broken 
up,  so  as  to  be  intimately  mixed  with  the  atmosphere.  With 
still  water,  however,  the  amount  of  air  in  each  cubic  foot  of 
water  may  in  general  be  said  to  vary  about  as  shown  in  Fig. 
20,  which  gives  the  weight  of  air  per  cubic  foot  of  water  for 
atmospheric  pressure  (29.92  inches  of  mercury)  and  tempera¬ 
tures  from  32  to  85  deg.  When  water  enters  a  condenser,  the 
amount  of  air  liberated  from  it  will  depend  upon  the  pressure  of 
the  air  above  the  surface  of  the  water.  In  a  condenser,  the 
total  pressure  is  very  small  and  the  partial  pressure  of  the  air 
itself  is  only  a  part  of  that  total  pressure,  so  that  it  is  quite 
accurate  to  calculate  that  all  the  air  dissolved  in  water  is  liber¬ 
ated  when  that  water  enters  a  jet  condenser. 


While  the  amount  of  air  by  weight  dissolved  in  each  cubic 
foot  of  water  seems  to  be  very  small,  the  actual  volume  of  air 
becomes  very  large  because  of  the  low  pressure  existing.  For 
instance,  assume  the  amount  of  cooling  water  as  8000  gal.  per 
min.,  or  roughly,  1000  cu.  ft.  If  the  temperature  of  the  water 
were  about  55  deg.  the  amount  of  air  brought  into  the  con¬ 
denser  in  solution  with  the  water  would  be  1000  X  O.OOlo  =  1.5 
lb.  If  the  vacuum  in  the  condenser  were  28  in.  then  the  volume 
of  a  pound  of  air  at  55  deg.  air  pump  suction  temperature  and 
28  in.  vacuum  is  obtained  from  Fig.  19  as  250  cu.  ft.  The  air 
pump  capacity  necessary,  therefore,  to  remove  the  air  brought 
in  by  the  circulating  water  would  be  1.5  X  250  =  375  cu.  ft. 
per  min. 
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The  Author  :  1  quite  agree  with  Mr.  Owitz  that  the  higher 
price  of  the  larger  air  pump  is  a  good  reason  for  the  great  num¬ 
ber  of  small  air  pumps  in  existence.  Purchasing  agents  have 
to  earn  their  salary.  There  would  be  less  complaint  on  the 
part  of  engineers,  if  purchasing  agents  had  strict  instructions  to 
always  throw  out  the  bid  with  the  smallest  air  pump,  no  matter 
how  low  or  “attractive”  the  price  might  be.  Incidentally,  there 
would  be  fewer  law  suits,  if  all  lowest  bids  were  thrown  out. 

With  regard  to  the  engineering  part  of  Mr.  Owitz’  dis¬ 
cussion,  I  am  afraid  that  it  does  not  tell  us  much.  The  ‘'test’ 
shown  in  his  table  means  nothing.  We  do  not  know  the  rate  of 
flow  of  water  through  the  condenser;  neither  do  we  know  the 
rate  of  flow  of  air  into  the  condenser.  1  can  make  most  any 
condenser  give  equally  good  results,  if  1  cut  down  water  and 
steam  flow  and  prevent  air  leakage. 

This  condenser,  the  interior  arrangement  of  which  is  shown 
in  Fig.  17,  is  of  the  counter  current  type.  As  mentioned  in 
my  paper,  the  pressure  at  the  top  and  at  the  bottom  are  deter¬ 
mined  by  different  considerations.  With  a  large,  fast  running 
air  pump,  small  water  flow  and  little  air  leakage,  steam  must 
break  into  the  top  of  the  condenser  and  spoil  the  efficiency  of 
the  air  pump.  With  all  due  respect  for  Mr.  Owitz,  it  appears 
to  me  that  the  factory  have  not  told  him  everything  and  that 
he  would  find  out  several  interesting  facts  in  experimenting 
with  condensers.  Air.  Owitz  as  well  as  other  engineers  interest¬ 
ed  in  condensers  are  cordially  invited  to  come  out  to  the  Car¬ 
negie  Institute  of  Technology  and  make  use  of  our  equipment. 

Going  back  to  Mr.  Nibecker’s  discussion,  I  wish  to  ans¬ 
wer  his  question  concerning  the  type  of  air  pump  used  by  me. 
The  characteristics  shown  in  Fig.  4  belong  to  a  pump  without 
flashports.  In  my  tests  at  the  Carnegie  Institute  of  Technology 
T  used  a  pump  with  flashports;  but  since  it  did  not  pull  enough 
vacuum  to  bring  out  the  laws  of  air  influence,  I  connected  it  in 
series  with  a  single  acting  oil  sealed  reciprocating  pump. 


TEST  OF  LARGE  REVERSING  ENGINE 

AND  ROLLING  MILL 


By  Karl  Nibecker* 


The  object  of  this  paper  is  to  describe  the  methods  used  in 
testing  a  46  in.  and  76  in.  by  60  in.  twin  tandem  compound  re¬ 
versing  engine  driving  a  44  in.  reversing  blooming  mill  when 
rolling  20  in.  by  22  in.  ingots.  It  is  also  proposed  to  give  an 
outline  of  the  methods  used  and  assumptions  made  in  arriving 
at  the  power  and  steam  consumptions  as  determined  for  this 
mill.  Results  of  steam  consumption  tests  of  other  sizes  of  ingots 
will  also  be  exhibited. 

The  engine  is  operated  condensing  using  steam  at  140  lb. 
gauge  pressure  at  the  throttle  valve  and  exhausting  into  a  28  in. 
vacuum.  The  condenser  used  is  a  120  in.  steam  pipe  supported 
barometric  condenser,  the  air  pump  being  14  in.  and  36  in.  by 
24  in.  reciprocating  type,  with  automatic  inlet  and  outlet  valves. 

In  Fig.  1  is  shown  the  engine  and  air  pump,  the  condenser 
being  located  directly  outside  of  the  building.  The  steam  sep¬ 
arator  is  shown  directly  back  of  the  engine.  The  low  pressure 
cylinders  are  placed  adjacent  to  the  beds  on  either  side.  The 
engine  is  direct  connected  to  the  mill  but  separated  from  it  by 
means  of  a  brick  wall.  The  mill  pinions  and  couplings  being 
shown  in  the  figure. 

Figure  2  represents  a  diagrammatic  arrangement  of  one 
side  of  the  engine  and  valve  gear,  showing  the  method  of  con¬ 
trol.  This  control  is  rather  novel,  and  we  believe  quite  new  in 
this  country,  although  it  has  been  used  in  Europe  with  vary¬ 
ing  details  of  arrangement.  It  will  be  noticed  that  the  mechan¬ 
ism  is  operated  by  a  single  lever,  as  shown  at  A,  Fig.  2.  This 
lever,  which  is  located  in  the  pulpit,  operates  the  relay  valve 
which  controls  the  steam  to  the  reversing  cylinder,  operating  both 

Presented  at  a  regular  monthly  meeting  of  the  Society  and  published  in  the 
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the  reversing  links  and  the  throttle.  The  reversing  piston  is 
cushioned  by  means  o £  a  suitable  oil  cylinder  connected  to  the 
reversing  gear  cross  head. 

The  three  positions  of  the  main  reversing  lever  and  cross 
head  are  shown  by  points  1,  2,  and  3.  The  pressure  oi‘  the  steam 
through  the  throttle  valve  and  the  point  of  cut-off  with  which 
the  engine  works  are  thus  both  determined  by  the  motion  of  this 
cross  head.  It  is  therefore  essential  that  the  engine  when 
operating  under  light  loads  must  work  with  a  combination  of 
throttle  and  cut-off  control. 


Fig.  1.  General  Arrangement  of  Mill  Drive. 


The  throttle  valve  is  arranged  so  that  its  opening  does  not 
occur  with  the  beginning  of  the  movement  of  .the,  reversing 
lever  from  its  center  position.  A  certain  amount  of  lap  is  pro¬ 
vided  so  that  the  valve  gear  is  moved  an  appreciable  amount 
from  its  neutral  position  before  the  steam  valve  is  opened. 
When  the  throttle  valve  opens,  steam  is  admitted  through  aux¬ 
iliary  ports  in  the  main  piston  valve.  Bv  this  combination 
of  lap  on  the  throttle  valve  and  auxiliary  ports  in  the  main 
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valves  of  the  engine,  it  is  possible  to  start  the  engine  at  any 
position  of  the  cranks.  The  auxiliary  ports  are  in  operation 
during  the  regular  running  of  the  engine,  but  are  too  small 
to  affect  the  economy  of  the  engine  or  the  shape  of  the  indi¬ 
cator  cards. 

The  high  pressure  and  low  pressure  steam  valves  of  the 
engine,  which  are  of  the  piston  type,  are  arranged  in  a  straight 
line,  so  that  both  can  be  driven  from  one  rocker,  this  con¬ 
struction  greatly  simplifying  the  valve  gear. 


Fig.  2.  Diagram  of  Control  Mechanism. 

With  the  arrangement  of  reversing  cylinder,  control  of  the 
throttle  valve,  and  links  as  above  described,  it  will  be  seen  that 
the  ordinary  “plugging”  effect  is  greatly  reduced  and  also  it 
is  impossible  for  the  operator  to  run  the  engine  with  full  cut¬ 
off  and  control  the  speed  by  means  of  simply  throttling  the 
steam.  The  saving  due  to  the  large  amount  of  steam  which 
is  consumed  in  plugging  the  engine  and  also  the  losses  which 
occur  duei  to  running  with  throttled  steam  and  late  cut  off 
are  greatly  reduced  by  this  system. 

Figure  3  illustrates  the  engine  looking  from  the  cylinders 
towards  the  cranks.  The  steam  throttle  valve  is  shown  in  the 
foreground  and  is  controlled  by  means  of  rod  shown,  which  is 


Fig.  3.  Steam  End  of  Engine. 

Figure  5  illustrates  the  pulpit  and  back  end  of  the  mill. 
The  size  of  the  ingots  delivered  to  the  mill  were  measured  at 
this  point  as  the  ingots  were  delivered  by  ingot  buggy. 

Figure  6  is  a  general  view  of  the  mill  at  the  front,  showing 
the  shears  at  which  the  final  length  of  the  bloom  was  measured. 

Continuous  indicators  were  applied  to  each  end  of  the  four 
cylinders,  the  arrangement  of  one  side  being  as  shown  in  Fig. 
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operated  by  reversing  piston.  The  control  shaft  to  the  pulpit 
is  indicated  passing  across  the  left  hand  engine  and  through  the 
building.  This  shaft  is  seen  in  Fig.  4,  driving  the  smaller  of 
the  two  rods  leading  to  the  reversing  mechanism.  The  larger 
rod  in  Fig.  4  running  from  the  reversing  mechanism  is  the 
throttle  valve  control.  The  links  are  operated  by  means  of 
reversing  cylinder  through  suitable  connections  under  the  floor 
plates.  The  auxiliary  steam  valve  is  shown  at  the  distant  end 
of  the  reversing  cylinder  in  the  center  of  this  figure,  the  oil 
cushioning  cylinder  being  in  the  foreground. 
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7.  These  four  indicators  were  equipped  with  electro  magnets 
for  starting  and  stopping  the  paper  and  also  for  applying  the 
pencil  to  the  drums.  The  other  four  indicators  were  manually 
started  and  stopped  at  a  given  signal  operated  by  the  same 
key  which  actuated  the  starting  magnets  on  the  electrically 
operated  indicators.  The  indicators  were  also  supplied  with 
electro  magnets  for  locating  various  events.  On  five  indicators 
the  dead  centers  of  the  engine  were  marked  by  means  of  suit¬ 
able  magnets. 


Fig.  4.  Valve  Gear  of  Engine. 

The  point  of  opening  and  closing  of  the  steam  throttle  valve 
was  recorded  by  means  of  one  magnet.  The  position  of  the 
cross  head  of  the  reversing  cylinder  was  determined  by  a  mag¬ 
net  on  one  of  the  indicators.  This  magnet  indicated  when  the 
piston  of  the  reversing  cylinder  was  in  its  dead  center  position 
and  when  it  was  off  the  dead  center  position.  The  dead  center 
position  of  this  piston  represents  the  point  where  the  steam 
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throttle  valve  was  closed  and  the  links  were  in  their  neutral 
position. 

A  magnet  was  provided  on  one  indicator  for  recording  y2 
second  intervals.  This  magnet  was  operated  by  means  of  a 
clock  which  caused  the  magnet  to  be  depressed  each  half  second, 
thus  giving  a  record  of  time. 

Figure  8  shows'  the  wiring  diagram  of  electric  connections 
for  indicator  magnets.  Storage  batteries  were  used  for  furn¬ 
ishing  the  current  for  operating  these  instruments.  The  figure 
is  self-explanatory. 


Fig.  5.  View  of  Pulpit  and  Rear  End  of  Mill. 


The  temperature  of  the  piece  was  determined  by  means  of  a 
Wanner  Optical  pyrometer.  Observations  of  temperature  were 
taken  as  the  piece  entered  the  first,  third,  fifth,  etc.  passes, — or 
on  every  second  pass.  These  temperatures  were  read  at  the 
back  end  of  the  mill  as  the  piece  was  being  manipulated. 
Lengths  were  also  determined  at  this  point  in  order  to  check 
the  areas  as  determined  by  other  means.  The  finished  length  of 
the  bloom  and  its  cross  section  were  carefully  determined  before 
shearing  the  finished  piece. 


Fig.  6.  General  Arrangement  of  Mill. 


Fig.  7.  Arrangement  of  Indicators. 


Fig.  8.  Wiring  Diagram  showing  Electrical  Connections. 
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Three  observers  were  stationed  in  the  pulpit.  One  depress¬ 
ed  a  key  operating  the  electric  circuit  controlling  the  pass  mag¬ 
net.  This  key  was  depressed  as  the  piece  entered  the  rolls 
and  held  in  this  position  until  the  piece  left  the  rolls.  A  second 
operator  kept  a  record  of  the  groove  of  the  roll  that  was  being 
used  and  the  third  read  the  gauge  wheel  on  each  pass.  After 
the  test  the  gauge  wheel  readings  were  calibrated  as  shown  by 
Fig.  9.  From  this  calibration  and  the  records  kept  in  the  pul¬ 
pit,  it  was  possible  to  determine  the  setting  of  the  rolls  for  each 
pass. 


Fig.  10.  Temperature  and  Vacuum  Charts  from  Condenser 


A  three  point  recording  thermometer  was  installed  on  the 
condenser  and  also  recording  vacuum  gauge  which  was  care¬ 
fully  calibrated  by  means  of  mercury  column.  The  thermo¬ 
meter  was  equipped  with  a  clock  producing  one  revolution  of 
the  chart  per  hour  and  the  vacuum  gauge  one  revolution  in  four 
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hours.  The  three  pointers  on  the  thermometer  indicate  the 
temperature  of  the  exhaust  steam,  temperature  of  tail  water 
from  condenser  and  temperature  of  inlet  water  to  the  con¬ 
denser. 

Photographs  of  the  temperature  and  vacuum  charts  are 
shown  in  Fig.  10.  The  amount  of  water  passing  through  the 
condenser  was  estimated  by  means  of  a  22  in.  weir  placed  in 
the  over  flow  of  the  hot  well  from  the  condenser.  The  instant 
when  the  piece  entered  the  rolls  and  left  the  rolls  finished  was 
carefully  recorded  on  the  chart  by  an  observer  at  a  given  signal 
operated  by  the  pass  key.  These  points  will  be  seen  on  charts 
Fig.  10.  Suitable  records  of  the  weight  and  analysis  of  each 
ingot  were  also  kept. 

Figure  11  exhibits  a  portion  of  all  indicator  cards  taken  from 
this  engine.  The  reversals  on  each  card  are  clearly  marked,  and 
numbered  for  convenience  in  co-relating  the  several  records. 
On  the  high  pressure,  head  end,  right  side  cards  are  shown  the 
dead  center  markings  produced  by  the  magnet.  The  seconds 
magnet  was  also  on  this  indicator  but  the  clock  did  not  operate 
satisfactorily  when  these  cards  were  taken  and  hence  there  are 
no  speed  records  available.  A  satisfactory  clock  has  since  been 
constructed  and  in  tests  subsequent  to  this  one  satisfactory  time 
records  are  available.  On  the  high  pressure,  crank  end,  right 
side  cards  are  shown  the  dead  center  markings  and  also  the 
point  where  the  throttle  valve  opened  and  closed.  On  low  pres¬ 
sure,  head  end,  right  side  cards  is  shown  the  dead  center  mark¬ 
ings  and  the  point  where  the  reversing  jack  moved  from  its  dead 
center  position.  On  low  pressure,  crank  end,  right  side  cards 
is  shown  dead  center  markings  and  the  points  where  the  piece 
entered  and  left  the  rolls.  On  low  pressure,  head  end,  left  side 
cards  the  bottom  line  was  used  for  indicating  dead  centers,  but 
during  the  portion  of  card  where  this  photograph  was  taken  this 
magnet  was  not  in  operation. 

CALCULATIONS 

In  working  up  indicator  cards  each  card  of  each  set  is 
numbered  and  the  reversals  located  as  nearly  as  is  possible  by 
means  of  dead  center  markings.  This  enables  all  sets  to  be 
actually  co-related.  The  cards  are  then  planimetered  and  the 
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Fig.  12.  M.  E.  P.  Diagram  from  Test  No.,  16. 
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mean  effective  pressures  determined  for  each  stroke.  These  are 
plotted  as  shown  in  Fig.  12. 

A  more  detailed  description  of  the  method  of  handling  the 
cards  will  be  found  in  volume  29  number  8  of  the  Proceedings 
of  this  Society  in  the  paper  by  Messrs.  Siebert  and  Fitzgerald. 
As  the  methods  of  plotting  the  cards  and,  in  general,  the  methods 
of  calculation  as  outlined  by  Messrs.  Siebert  and  Fitzgerald  have 
been  followed  in  this  test,  a  detailed  description  of  the  methods 
will  therefore  not  be  given;  a  general  outline  only  of  this  work 
will  be  given  and  your  attention  will  be  called  to  such  points 
at  which  their  work  has  been  deviated  from. 


Fig.  13.  M.  E.  P.  and  Speed  Curve  from  Test  No.  16. 

The  mean  effective  pressure  of  all  cards  referred  to  one  low 
pressure  piston  are  plotted  as  shown  in  Fig.  12  at  the  bottom, 
the  scheme  of  plotting  being  as  described  by  Messrs.  Sie'bert 
and  Fitzgerald.  The  mean  effective  pressure  curve  is  then  plot¬ 
ted  as  the  algebraic  sum  of  these  curves.  The  position  of  the 
reversing  gear  ,and  throttle  valve  are  indicated  and  also  the 
time  when  the  piece  is  under  the  rolls.  If  seconds  or  half  sec¬ 
onds  are  available,  they  are  also  plotted  on  this  curve  and  from 
these  a  speed  curve  is  determined.  This  portion  of  the  work  has 
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been  dropped  from  this  test  as  the  record  was  not  available.  Fig. 
13  however,  will  show  such  a  curve  from  another  test  from 
which  the  speed  curve  was  plotted. 

Table  No.  1.  Distribution  of  Work  in  Foot  Pounds  from  M.  E.  P. 

Curve  from  Test  No.  16. 


TEST-BM-16 

11-29-13 


Work  done  as  figured  from  areas  for  passes  as 
shown  on  Curve  No.  1 — Sheets  Nos.  B-119 — B-122 


TABLE  1 


Area  under  Curve  No.  1  (sq.  in.) 
1"  Vertical  =  40  lb.  (Spring) 

1"  Horizontal  =  10  ft.  (2  strokes) 
1  sq.  in.  =  40X10  =  400  ft.  lb. 


Work  in  Ft.  lb.  =  _  Net  Work 

Area  under  Curve  No.  1  (sq.  in.)  X  —Friction 
Area  of  L.  P.  piston  (4335.4  sq.  in.)  Work 
X  400 


Acceleration  (Work)  — 


31355650 


90837150 

„T  .  8921600  _  QQ0/ 

Friction  Work  =  90837150”  9>8% 

„r  ,  50559900  _  cc,,* 

Rolling  Work  =  9083715o“  557% 


34.5% 


Passes 

-f-  sq.  in. 

—  sq.  in. 

Friction 
sq. in. 

j  +  Work 

—  Work 

Friction  Work 

Rolling  Work 

1 

2.61 

.26 

4525000 

451000 

2477000 

.92 

.17 

1597000 

2 

2.28 

• 

.19 

3953000 

330000 

1457000 

1.25 

.23 

2166000 

3 

1.91 

.22 

3313000 

382000 

1491000 

.83 

.13 

1440000 

4 

1.74 

.15 

3020000 

262000 

.53 

.11 

920000 

1838000 

.92 

1597000 

Running  .03 

52000 

Idle 

.06 

V 

104000 

.02 

.54 

34650 

936450 

5 

2.13 

.24 

3694000 

416000 

2411900 

.95 

.17 

1648000 

6 

2.75 

.21 

4770000 

364000 

2116000 

1.32 

.16 

2290000 

7 

2.13 

.17 

3694000 

295000 

2,046,000 

.78 

.13 

1353000 

8 

3.45 

.25 

5980000 

434000 

1646000 

2.25 

.28 

3900000 

9 

3.77 

.39 

6540000 

676000 

4910000 

.55 

.11 

954000 

10 

4.14 

.34 

7183000 

590000 

3473000 

1.8 

.29 

3120000 

Running  .16 

.03 

277500 

52000 

260150 

.02 

.15 

34650 

11 

3.98 

.32 

6900000 

556000 

4556000 

1.03 

.14 

1788000 

12 

5.00 

.37 

8670000 

642000 

4803000 

1.86 

.27 

3225000 

13 

5.61 

.46 

9740000 

799000 

7327000 

.93 

.18 

1614000 

14 

5.23 

.42 

9070000 

729000 

4301000 

2.33 

.38 

4040000 

15 

4.45 

.46 

7720000 

799000 

5707000 

.70 

.27 

1214000 

Total 

90837150 

31355650 

8,921,600 

50559900 
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The  mean  effective  pressure  as  given  in  Fig.  12  is  then 
planimetered.  The  area  above  the  zero  line  being  considered 
positive  and  the  area  below  the  zero  line  being  considered  nega¬ 
tive.  These  areas  are  given  in  Table  No.  1.  The  area  of  the 
mean  effective  pressure  curve  representing  friction  is  as  shown 
in  Table  1,  and  is  determined  by  the  area  between  the  friction 
mean  effective  pressure  line  and  the  zero  line,  Fig.  12. 

It  is  assumed  that  the  mean  effective  pressure  required  in 
friction  is  constant  and  this  value  was  separately  determined  by 
running  the  engine  at  constant  speed  and  determining  the  mean 
effective  pressure  for  the  average  speed  of  the  mill.  This  value 
is  shown  by  dotted  lines,  Fig.  12,  having  a  value  of  6  lb.  per  sq. 
in.  referred  to  on  low  pressure  piston. 

From  the  areas  determined,  the  work  corresponding  to  these 
areas  is  calculated  in  foot  pounds  by  multiplying  the  area  under 
the  curve  by  the  area  of  the  low  pressure  piston  by  the  pro¬ 
duct  of  the  scales  of  the  curve.  The  amounts  of  work  thus  cal¬ 
culated  are  as  given  in  Table  No.  1.  The  rolling  work,  i.  e., 
the  work  actually  consumed  in  deforming  the  metal,  is  deter¬ 
mined  by  subtracting  the  minus  work  in  each  pass  from  the 
positive  work  and  then  subtracting  the  friction  work.  It  is 
assumed  that  the  work  consumed  in  stopping  the  rotating  and 
reciprocating  parts  is  the  same  as  that  consumed  in  accelerating 
them,.  It  is  upon  this  assumption  that  we  subtract  the  minus 
work  from  the  plus  work  in  order  to  obtain  the  rolling  work. 
Considering  the  plus  wrork  as  the  total  available  power  developed 
by  the  mill,  we  calculate  the  percent  of  this  work  consumed  in 
acceleration,  i.  e.  in  starting  the  moving  parts,  the  friction  work 
and  the  rolling  work,  by  simple  division,  as  shown  in  Table 
No.  1. 

In  Table  No.  2  is  recorded  the  grooves  of  the  rolls,  which 
were  used,  as  shown  in  Fig.  9.  The  width  in  inches  for  each  pass 
is  calculated  from  the  formula  for  spread  which  is: 


Spread  — 


Arc  of  contact  X  draft  X  sine  {angle  of  contact ) 
Height  of  bloom  after  pass 


The  height  in  inches  is  determined  from  the  reading  of  the 
gauge  in  the  pulpit  corrected  from  calibration.  The  difference 
in  heights  determines  the  draft  in  inches.  The  length  is  cal- 


Table  No.  2.  Summary  of  Results  from  Test  No.  16. 
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Ciliated  from  the  area  of  the  piece  after  each  pass  checked  by 
means  of  direct  measurement  made  on  the  table  ot  the  mill.  1  lie 
number  of  elongations  is  figured  by  dividing  the  length  from  the 
pass  byi  the  original  length  of  the  ingot,  thus  we  have  the 
elongation  of  the  piece  after  each  pass.  rlhe  volume  ot  displace¬ 
ment  in  cubic  inches  is  equal  to  the  product  of  the  reduction  in 
area  in  square  inches  multiplied  by  the  length  in  inches  before 
the  pass.  The  percent  reduction  in  area  is  the  difference  in 
area  before  and  after  any  pass  divided  by  the  area  before  the  pass. 
The  thousand  foot  pounds  used  in  rolling  divided  by  the  cubic 
inches  displacement  will  give  the  thousands  of  foot  pounds  used 
in  rolling  per  cubic  inch  of  displacement. 
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Fig.  14.  Steam  Flow  Meter  Chart. 

The  total  steam  per  pass  is  determined  from  the  indicator 
cards  directly.  The  presssure  at  release  of  each  card  is  meas¬ 
ured  and  also  at  the  same  pressure  during  compression  the  vol¬ 
ume  is  measured.  To  the  original  volume  at  release  is  added 
the  clearance  volume  and  to  the  volume  obtained  at  the  same 
pressure  on  compression  is  added  the  clearance  volume.  The 
difference  of  these  two  volumes  represents  the  volume  of  steam 
actually  used  in  the  engine  during  that  stroke.  This  quantity 
multiplied  by  the  weight  per  cubic  foot  corresponding  to  that 
pressure  will  determine  the  dry  steam  consumed  during  that 
stroke.  To  this  quantity  should  be  added  a  certain  percentage 
for  losses  due  to  leakage  and  condensation.  It  seemed  advisable 
to  use  an  addition  of  30  percent  to  cover  these  losses.  This  value 
was  assumed  as  the  maximum  possible  quantity  and  for  lack  of 
any  definite  figures  was  adopted.  By  repeated  tests  with  ac¬ 
curate  steam  flow  meter  having  high  speed  clock  it  has  been 
found  that  this  value  is  correct.  Figure  14  shows  chart  taken 
from  steam  flow  meter. 
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The  total  steam  consumed  is  the  sum  of  the  steam  consumed 
per  pass.  This  quantity  divided  by  the  tons  in  the  ingot  deter¬ 
mines  the  amount  of  steam  per  ton.  In  last  column  of  Table  No. 
2  is  shown  the  temperature  of  the  ingot  for  each  pass.  The 
weight  of  the  ingot  and  analysis  are  also  given  on  this  table. 


Table  No.  3.  Distribution  of  Work  in  Horse  Power  Seconds  from 

Test  No.  16. 


TEST— BM— 16 

1 1-29-*  1 3 

TABLE  3 

„  e  Work  (Ft.  lb.)  Table  1 

H.P.  Sec.  = - -r- - 

550 

Pass 

Developed 

Acceleration  Friction  Rolling 

Displace¬ 

ment 

Cu.  In. 

Rolling  H.P. 
Sec.  per  Cu. 
In.  Displ. 

1 

8227 

2900 

821 

4500 

1840 

2.445 

2 

7180 

3940 

600 

2647 

1180 

2.240 

3 

6028 

2620 

695 

2726 

2260 

1.160 

4 

5490 

1671 

458 

3438 

2140 

1.605 

5 

9906 

3059 

2462 

4390 

932 

4.710 

6 

8675 

4165 

662 

3850 

1804 

2.130 

7 

6715 

2462 

536 

3720 

1310 

2.838 

8 

10895 

7090 

780 

2993 

1190 

2.515 

9 

11880 

1732 

1230 

8940 

3100 

2.887 

10 

13060 

5670 

1072 

6320 

2320 

2.722 

11 

13108 

3342 

1484 

8280 

3210 

2.580 

12 

15770 

5865 

1168 

8740 

2560 

3.410 

13 

17787 

2936 

1451 

13300 

.2900 

4.590 

14 

15 

16497 

14030 

7340 

2208 

1324 

1451 

7830 

10380 

4640 

2000 

1.685 

5.180 

Total 

165248 

57000 

16194 

92054 

33386 

Avg.  2.846 

90837150  Ft.  lb. 

1980000 

45.8  I.  H. 

P. 

Hrs.  Total. 

1085  lb.  _ 
45.8 

:  23.6  lb. 

Steam  per 

I. 

H.  P.  Hr. 

143  lb. 

Average 

Steam  Pressure. 

28  in. 

Hg.  Average  Vacuum. 

In  Table  No.  3 

is  shown  the  horse  power  seconds  developed, 

consumed  in  acceleration,  in  friction  and  in  rolling.  This  is 


determined  from  work  given  in  Table  No.  1  by  dividing  these 
values  by  550.  The  total  steam  used  divided  by  the  total  in¬ 
dicated  horse  power  hours  gives  the  steam  per  I.  H.  P.  hour. 

Figure  15  shows  a  plot  of  the  steam  consumption  per  unit 
of  elongation  per  ton  of  steel.  The  values  of  this  curve  are  taken 
directly  from  Table  No.  2.  The  dotted  line  marked  “dry  steam* * 
is  the  amount  figured  from  the  indicator  cards  directly.  The 
solid  line  marked  “wet  steam”  is  the  dry  steam  values  with  30 
percent  added  for  losses.  This  value  of  loss  in  the  cylinder  seems 


Fig.  15.  Steam  Consumption  per  Unit  of  Elongation  20X22  Ingot  to 

5X7  Bloom  from  Test  No.  16. 


Fig.  16.  Steam  Consumption  per  Unit  of  Displacement  20X22 
Ingot  to  7X5  Bloom  from  Test  No.  16. 
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Unit  of  Displacement  20X22  Ingot  to  5X7  Bloom 
from  Test  No.  16. 


Work  per 
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Unit  of  Elongation  20X22  Ingot  to  5X7  Bloom 
from  Test  No.  16. 


Work  per 
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excessively  high,  but  in  order  to  be  amply  safe,  it  was  used  on 
this  test.  Since  making  this  test  however,  we  have  run  several 
very  careful  tests  with  a  Hallwachs  Arc  Recording  Steam  Flow 
Meter  and  have  obtained  values  checking  this.  We  are  there¬ 
fore,  convinced  that  the  loss  due  to  condensation,  leakage,  etc. 
is  about  30  percent.  The  steam  consumption  as  shown  on  Fig. 
15  hv  the  solid  line  is  therefore  correct. 

Figure  16  represents  the  pounds  of  steam  consumed  per 
cubic  inch  of  displacement.  This  plot  is  made  directly  from 
Table  No.  2.  The  solid  and  dotted  lines  have  the  same  mean¬ 
ing  as  in  Fig.  15. 

Figure  17  represents  the  work  done  per  cubic  inch  of  dis¬ 
placement  and  is  plotted  from  Tables  No.  1  and  No.  2  directly. 
The  work  here  shown  represents  the  actual  work  used  in  de¬ 
forming  the  steel. 

Figure  18  is  plotted  from  Table  No.  1  and  Table  No.  2, 
and  represents  the  work  done  in  deforming  the  steel  per  unit 
of  elongation  per  ton.  Figures  19  and  20  represent  average 
steam  consumption  per  ton  per  unit  of  elongation  and  also  the 
work  done  per  unit  of  elongation  of  three  complete  ingots  work¬ 
ed  up  separately. 

In  Fig.  19  the  shaded  area  between  the  two  top  curves,  con¬ 
tains  the  supposed  actual  curve  of  steam  consumption,  the  maxi¬ 
mum  and  minimum  values  being  represented  by  the  two  curves. 
The  point  marked  steam  consumption  by  heat  bahinee  from  con¬ 
denser  is.  figured  from  the  amount  of  water  flowing  over  the 
weir  and  the  average  temperatures  in  the  condenser  as  shown 
in  I  ig.  10.  The  exhaust  steam  was  assumed  to  have  25  percent 
moisture  in  it.  It  is  quite  remarkable  that  the  value  should 
check  so  closely  with  other  methods  of  obtaining  the  steam  as  the 
temperatures  in  the  condenser  were  constantly  changing  and  the 
thermometer  exhibited  a  certain  time  lag  for  which  it  was 
necessary  to  allow. 

conclusions 

By  referring  to  Table  No.  1,  it  will  be  seen  that  34.5  per¬ 
cent  of  the  total  available  work  is  consumed  in  accelerating  and 
retarding  the  rotating  and  reciprocating  parts,  9.8  percent  is  used 
d  o nl,  55.7  percent  is  actually  consumed  in  de- 
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forming  the  steel.  It  tlius  appears  that  an  inordinate  amount 
of  work  is  consumed  by  the  engine  in  accelerating  and  retarding 
the  moving  parts.  This  amount  is  due  to  the  weight  of  moving 
parts  used  and  the  excessive  amount  of  counterbalancing  done, 
this  being  60  percent  of  the  reciprocating  parts. 

Tests  which  have  been  made  on  other  engines,  would  indi¬ 
cate  that  this  amount  of  power  may  be  larger  than  necessary. 
There  should  be  little  or  no  trouble  in  bringing  this  value 
down  to  not  more  than  15  percent.  Engines  have  been  tested 
where  this  quantity  was  even  lower. 


Fig.  19.  Steam  Consumption  per  Unit  of  Elongation  from  Average 

of  Three  Ingots. 


It  might  be  possible  to  build  an  engine  with  much  lighter 
moving  parts  and  providing  suitable  means  for  increasing  and 
decreasing  the  counterbalance  weights,  so  as  to  produce  the 
required  smooth  running  without  consuming  such  a  large 
amount  of  power. 

It  must  be  borne  in  mind  however,  that  the  engine  in  ques¬ 
tion  runs  without  the  slightest  vibration  and  has  shown  no  wear 
on  boxes,  pins,  or  bearings.  This  of  course,  is  a  desirable  feature, 
but  we  must  not  be  lead  astray  by  these  conditions  of  running 
to  a  point  where  we  constantly  spend  too  much  in  steam  con¬ 
sumption  in  order  to  obtain  an  absolutely  smooth  running 
engine. 

The  amount  of  power  consumed  in  friction,  9.8  percent,  is 
exceptionally  low,  the  values  of  other  engines  running  from  14 
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to  25  percent.  This  low  value  is  obtained  by  large  short  bear¬ 
ings  properly  lubricated  and  perfect  alignment.  The  pinions 
and  bearings  are  also  of  the  highest  type  of  construction  being 
carefully  machined  and  aligned.  The  couplings  used  are  of 
special  design  and  machined  to  eliminate  all  lost  motion  and  re¬ 
duce  the  friction  and  wear  to  a  minimum.  The  cut  pinions, 
special  couplings  and  bearings,  we  believe  reduces  the  friction 
very  materially. 


T3  CURVE  *2 


Elongations 


Fig.  20.  Work  per  Unit  of  Elongation  from  Average  of  Three  Ingots. 

The  steam  consumed  per  1.  H.  P.  hour  was  found  to  have  a 
maximum  value  of  23.6  percent  after  adding  the  30  percent  for 
condensation,  leakage,  etc.  In  spite  of  this  large  addition,  the 
average  value  of  steam  consumed  per  1.  H.  P.  hour  exhibits  a 
value  of  about  21  lb.  per  1.  11.  P.  hour.  This  value  compares 
very  favorably  and  in  fact,  is  almost  identical  with  the  steam 
per  I.  PI.  P.  hour  determined  for  high  class  three  high  mills, 
while  the  best  steam  consumption  yet  obtained  in  this  country 
for  reversing  condensing  engines  was  in  the  neighborhood  of 
35  lb.  With  this  exceptionally  good  steam  consumption,  if  the 
power  required  to  accelerate  the  moving  parts  were  reduced  to 
a  reasonable  amount,  say  15  percent,  the  steam  consumption  per 
unit  of  elongation  per  ton  of  metal  would  be  reduced  nearly 
30  percent,  thus  giving  a  steam  consumption  which  would  be 
absolutely  phenomenal  for  this  country.  The  steam  consump¬ 
tion  as  obtained  per  unit  of  elongation  compares  very  favorably 
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with  tests  of  other  engines  which  are  operating  in  this  country 
and  also  with  engines  abroad.  In  fact,  the  reduction  of  the 
amount  of  power  consumed  in  acceleration  would  produce  a 
steam  consumption  per  unit  of  elongation  which  would  be  better 
than  the  value  as  given  by  Puppe,  as  the  best  practice  for  con¬ 
densing  engines  in  Europe.  The  correct  value  of  steam  con¬ 
sumption  per  7.  77.  P.  hour  as  shown  by  steam  meter  is  18  lb. 
This  is  indeed,  we  believe,  better  than  any  other  yet  obtained. 


Fig.  21.  Steam  Consumption  per  Unit  of  Elongation  20X22  Ingot  to 

11%  X  3  Slab. 

The  addition  of  30  percent  to  the  dry  steam  as  figured  from 
the  cards  may  seem  excessive  for  an  engine  of  this  class,  but  in 
the  absence  of  definite  knowledge  at  the  time  this  engine  was  run, 
this  value  was  used.  We  have  since  learned  that  this  value  is 
approximately  correct. 

The  saving  due  to  the  steam  held  in  the  cylinder  during 
compression  was  found  to  be  about  10  percent.  With  the  ordi¬ 
nary  type  of  gear  there  is  practically  no  steam  saved  in  com¬ 
pression  and  this  feature  is  usually  dropped. 

The  engine  has  been  run  non-condensing  and  the  steam  con¬ 
sumption  determined  with  the  result  that  the  steam  used  is  ap¬ 
proximately  25  percent  higher  than  when  running  condensing, 
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thus  by  condensing  a  reversing  engine,  it  is  possible  to  obtain  a 
saving  of  25  percent.  With  a  simple  engine  exhausting  into  a 
low  pressure  turbine,  even  when  equipped  with  a  regenerator, 
it  is  very  doubtful  if  it  is  possible  to  effect  an  equal  saving. 
Where  it  is  possible  to  use  the  exhaust  from  a  reversing  engine 
for  heating  the  boiler  feed  water,  it  is  of  course,  the  most  efficient 
way  to  use  the  heat  in  the  exhaust  steam. 

It  has  been  stated  that  it  is  impossible  to  produce  a  high 
vacuum  in  the  cylinders  of  the  reversing  engine,  but  this  fact 
has  been  clearly  disproved  by  this  engine.  A  vacuum  of  25 
inches  in  the  low  pressure  cylinder  is  obtained  with  28  inches 
in  the  body  of  the  condenser. 


The  explanation  of  the  remarkable  steam  consumption  of 
this  engine,  is  believed  to  be  in  the  single  lever  control  and  the 
consequent  impossibility  of  using  a  large  amount  of  steam  for 
“plugging”  the  engine  and  throttling  the  steam  for  controlling 
the  engine,  together  with  well  set  valves  giving  high  compres¬ 
sion.  It  will  be  noticed  from  an  inspection  of  Fig.  11,  that  these 
cards  exhibit  a  much  greater  compression  than  is  found  on 
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engines  with  the  double  lever  control,  which  also  represents  a 
saving. 

The  engine  has  been  found  to  reverse  quickly,  despite  the 
prediction  that  this  would  not  be  the  case  with  a  single  lever 
control. 

After  repeated  observations,  it  has  been  found  that  the 
engine  will  change  from  a  speed  of  60  r.  p.  m.  in  one  direction 
to  30  r.  p.  m.  in  the  opposite  direction  in  less  than  2y2  seconds. 
The  engine  has  rolled  500  ingots  in  12  hours  with  an  average 


elongation  of  8,  proving  that  it  is  possible  to  manipulate  the 
engine  and  mill  very  quickly.  The  weight  of  these  500  ingots 
was  1298  tons  and  no  ingots  were  rolled  in  less  than  15  passes. 
The  average  time  of  rolling  a  2 y2  ton  ingot  as  described  in  this 
test  was  85  seconds  from  the  time  it  reached  the  rolls  until  it 
left  the  rolls.  The  time  of  manipulation  and  of  actual  rolling 
is  found  to  be  about  equal,  i.  e.  approximately  42!/9  seconds 
in  actually  deforming  the  steel  and  an  equal  amount  in  manipu¬ 
lating  the  piece. 

From  observations  taken  on  the  control  lever  of  the  en- 
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gine,  it  was  found  that  it  requires  approximately  3/5  of  a  sec¬ 
ond  to  move  the  lever  through  its  entire  travel,  and  V/2  sec¬ 
onds  are  required  from  the  beginning  of  the  movement  of  the 
reversing  lever  until  the  links  are  fully  reversed.  From  y2  to  1 
second  is  the  time  required  for  the  links  to  reach  their  new  ex¬ 
treme  position  after  the  lever  has  reached  its  new  extreme 
position. 


By  a  study  of  Fig.  12,  the  relative  operation  of  the  reversing 
cylinder  and  throttle  valve  will  be  seen.  At  the  beginning  of 
passes  No.  2  and  No.  3  will  be  seen  the  action  of  the  gear  when 
operating  slowly,  the  piece  entering  the  rolls  three  strokes  after 
the  jack  is  moved  from  its  center  position.  The  throttle  valve 
opens  one  and  one-quarter  strokes  after  moving  the  cylinder. 

At  the  beginning  of  pass  No.  5  the  piece  enters  the  rolls 
at  the  same  time  the  reversing  gear  is  moved  off  center.  This 
condition  is  found  as  the  engine  had  been  drifting  after  the 
fourth  reversal.  The  engine  was  thus  running  in  the  proper  di¬ 
rection  and  the  valve  was  opened  to  admit  steam  for  rolling  the 
piece. 
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A  study,  of  these  lines  will  enable  us  to  definitely  study 
the  conditions  of  valve  motion  at  each  reversal  or  increase  in 
load. 

From  a  study  of  charts  in  Fig.  10,  it  will  be  seen  that  the 
condenser  maintains  a  remarkably  uniform  vacuum  during  the 
rolling  of  the  piece.  The  temperature  of  the  tail  water  varies 
10  or  15  degrees  during  the  rolling,  but  drops  immediately  to  its 
original  value,  demonstrating  that  the  condenser  is  amply  large 
to  handle  the  loads  and  that  a  barometric  condenser  is  a  quick 
and  efficient  means  of  condensing  large,  intermittent,  variable 
quantities  of  steam. 


Figures  21  to  27,  inclusive,  are  plots  of  steam  consumption 
as  accurately  measured  by  recording  steam  meter  for  various 
sections  rolled  and  for  several  sizes,  of  ingots  and  blooms. 

From  a  study  of  these  figures,  it  appears  as  though  a  larger 
amount  of  steam  was  required  per  ton  for  a  given  number  of 
elongations  when  rolling  slabs  than  is  required  when  rolling 
squares  or  approximately  a  square  section  with  the  same  num¬ 
ber  of  elongations  when  both  are  rolled  from  an  ingot  that  is 
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approximately  square.  Compare  Fig.  21  and  Fig.  22.  Both 
of  these  represent  the  steam  consumption  when  rolling  a  20  in. 
by  22  in.  ingot.  This  difference  may  appear  self-evident  due 
to  -the  difference  in  cubic  inches  of  metal  displaced,  but  the 
fact  is  worthy  of  note. 

In  Figs.  24,  25  and  27  the  effect  of  idle  passes  upon  the 
steam  consumption  is  clearly  shown.  Figures  24  and  26  exhibit 
the  effect  of  edging  passes  where  a  very  small  amount  of  metal 


is  displaced.  These  curves  are  all  plotted  from  the  results  of 
several  tests.  In  several  instances  the  curves  represent  more 
ingots  than  are  actually  shown.  When  two  or  more  ingots  were 
plotted  and  the  points  were  found  to  fall  on  the  same  loca¬ 
tions,  one  curve  only  was  plotted.  For  every  plot,  however, 
enough  ingots  were  taken  to  make  the  curves  representative. 

Figures  21,  22  and  27  exhibit  clearly  the  difference  in 
steam  used  by  different  operators,  all  being  considered  expert 
and  experienced  engineers. 
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Fig.  27.  Steam  Consumption  per  Unit  of  Elongation  16X32  Ingot 

to  29X5  Slab. 

Table  No.  4  shows  the  amount  of  steam  used  for  various 
sections  as  actually  measured  by  steam  meter,  the  values  given 
being  the  average  of  several  observations  for  each  size. 

Table  No.  4.  Pounds  of  Steam  per  Ton  for  Rolling  Various  Sizes  of 

Ingots  for  Different  Elongations. 


Table  4.  Pounds  of  Steam  per  Ton  for  Rolling  Various  Sizes  of  Ingots  for 

Different  Elongations. 


No. 

Size 

Number  of 
Elongations 

Lbs.  Steam 
per  Ton 

Lbs.  Steam  per 

Ton  at 

Ingot 

Bloom 

5-Elong. 

9-Elong. 

A 

20"X22" 

1124"X3" 

11.5 

643 

444 

591 

B 

20"X22" 

734"X3}4" 

15.0 

600 

375 

505 

C 

20"X22" 

7"X  6" 

9.0 

495 

350 

495 

D 

18"X32" 

233/TX4J4" 

5.0 

420 

420 

E 

16"X32" 

29"  X  5" 

3.25 

280 

F 

19"X46" 

36}4"x434" 

4.75 

300 

G 

18"X32" 

2  3J4"X3" 

7.5 

410 

256 

From  steam  integrator,  with  readings  taken  every  24  hours, 
it  has  been  found  that  the  average  steam  consumption  per  ton 
of  steel  rolled  for  one  week  is  418  lb.  per  ton.  This  value  in¬ 
cludes  all  steam  used  in  the  regular  operation  '  of  the  mill 
during  24  hours.  The  sizes  of  material  handled  include  all 
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sizes  as  shown  in  Figs.  21  to  27  in  varying  proportions.  No 
attempt  has  been  made  to  determine  the  proportion  of  each 
size  rolled,  although  more  than  50  percent  of  the  production  was 
6  in.  by  7  in.  blooms  from  20  in.  by  22  in.  ingots. 


Table  No.  5.  Pounds  of  Steam  per  Ton  for  Rolling  Various  Sizes  of 

Ingots. 


Table 

5. 

Pounds  of  Steam  per  Ton  for  Rolling  Various  Sizes  of  Ingots. 

No. 

Size 

Elongations 

Lb.  Steam 
per  ton 

Remarks 

Ingot 

Bloom 

A 

20"X22" 

7"X6" 

9.04 

587 

Cold  ingot. 

B 

20"X22" 

7"X6" 

9.04 

490 

Hot  ingot. 

C 

20"X22" 

7"X6" 

9.04 

497 

Good  rolling. 

D 

20"X22" 

7"X6" 

9.04 

520 

New  engineer. 

E 

20"X22" 

7"X6" 

9.04 

518 

New  engineer. 

F 

20"X22" 

7"X6" 

9.04 

575 

Bad  rolling. 

G 

20"X22" 

7X"X3'A" 

15.1 

767 

New  engineer. 

H 

20"X22" 

7X"X  3J4" 

15.1 

610 

Good  manipulation. 

I 

20'fX22" 

11*TX3" 

10.75 

694 

New  engineer. 

J 

20"X22" 

im"X3" 

10.75 

625 

Good  manipulation. 

K 

18"X32" 

23*4"X4^" 

5.13 

522 

Good  rolling — cold. 

L 

18"X32" 

23*TX4^" 

5.13 

423 

Good  rolling — hot. 

M 

19"X46" 

36y2”X4X” 

4.63 

356 

Bad  rolling. 

N 

19"X46" 

36y2"X4H" 

4.63 

292 

Good  rolling. 

It  is  very  interesting  to  note  the  excess  of  steam  which  is 
consumed  per  ton,  due  to  difficulty  with  manipulation  of  the 
piece  and  also  to  the  piece  not  entering  the  rolls  properly. 
With  very  little  trouble  the  steam  consumption  per  ton  can  be 
increased  30  percent.  It  has  also  been  found  that  one  opera¬ 
tor  may  use  10  or  15  percent  more  steam  than  another  and  yet 
both  may  be  considered  expert  engineers  with  a  large  amount 
of  practice  upon  this  mill. 

Table  No.  5  will  give  some  idea  of  the  increase  which  may 
be  met  with  when  rolling  various  sizes  under  different  condi¬ 
tions  of  temperature  and  handling  of  the  piece. 

During  one  month  of  operation  the  steam  consumption  of 
this  mill  was  473  lb.  per  ton  of  steel  rolled,  which  we  feel  to 
be  a  very  fair  check  upon  the  observations  made,  both  on  24 
hour  runs  and  for  individual  ingots.  With  a  moderate  amount 
of  ordinary  difficulty  in  manipulation  and  operation,  it  thus 
appears  that  this  mill  should  consume  less  than  500  lb.  of  steam 
per  ton  of  steel  rolled  constantly. 


Table  No.  6.  Results  as  Calculated  by  Mesta  Machine  Company  from  Test  No. 
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Table  No.  7.  Distribution  of  Work  as  Calculated  by  Mesta  Machine  Company  from  Test  No. 
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Weight  of  Ingot  =  6200  lbs.  Average  Temperature  =  2030  °F.  Analysis  of  Heat  No.  4195 
C— .14,  Mn— .50,  Phos.— .075,  S— .034. 
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Table  No.  8.  Distribution  of  Work  as  Calculated  by  H.  C.  Siebert 

from  Test  No.  7. 


Pass. 

Positive 
I.  H.  P. 
Seconds. 

Friction 

I.  H.  P. 
Seconds. 

Accel. 

Loss 

I.  H.  P. 
Seconds 

Available 

Work 

I.  H.  P. 
Seconds. 

Friction 

% 

Accel. 

Loss 

% 

Available 

Work. 

% 

1 

6826 

1300 

1909 

3617 

19.0 

28.0 

53.0 

2 

9024 

1655 

3857 

3512 

18.3 

42.8 

38.9 

3 

8453 

2127 

2494 

3832 

25.1 

29.5 

45.4 

4 

4121 

591 

526 

3004 

14.4 

12.7 

72.9 

5 

10447 

1891 

6630 

1926 

18.1 

63.5 

18.4 

6 

6006 

1064 

1306 

3636 

17.7 

21.8 

60.5 

7 

12172 

2718 

4312 

5142 

22.3 

35.5 

42.2 

8 

8727 

1182 

1946 

5599 

13.6 

22.3 

64.1 

9 

16315 

2364 

3721 

10230 

14.5 

22.8 

62.7 

10 

11914 

1654 

3952 

6308 

13.9 

33.2 

52.9 

11 

18281 

2600 

3364 

12317 

14.2 

18.4 

67.4 

12 

13012 

1891 

3087 

8034 

14.5 

23.7 

61.8 

13 

19625 

2127 

3690 

13808 

10.8 

18.8 

70.4 

14 

19262 

2836 

7698  . 

8728 

14.7 

40.0 

45.3 

15 

16434 

3546 

3107 

9781 

21.6 

18.9 

59.5 

16 

15773 

4019 

8553 

3201 

25.5 

54.2 

20.3 

17 

14714 

3900 

1749 

9065 

26.5 

11.9 

61.6 

TOTAL 

211106 

37465 

61901 

111,740 

17.8 

29.3 

52.9 

Table  No.  9.  Distribution  of  Work  as  Calculated  by  H.  C.  Siebert 

from  Test  No.  15. 


Pass. 

Positive 

I.  H.  P. 
Seconds. 

Friction 

I.  H.  P. 
Seconds. 

Accel. 

Loss 

I.  II.  P. 
Seconds. 

Available 

Work. 

I.  II.  P.  Secs. 

Friction 

% 

O 

U  7) 

o  o 

Available 

Work. 

% 

1 

6140 

945 

2896 

2299 

15.4 

47.2 

37.4 

2 

4980 

827 

1956 

2197 

16.6 

39.3 

44.1 

3 

7976 

2600 

2695 

2681 

32.6 

33.8 

33.6 

4 

6267 

,  922 

2616 

2729 

14.7 

41.7 

43.6 

5 

8545 

1418 

6416 

711 

16.6 

75.1 

8.3 

6 

7487 

827 

1810 

4850 

11.0 

24.2 

64.8 

7 

13260 

3456 

5615 

4189 

26.7 

42.1 

31.2 

8 

11583 

1418 

4204 

5961 

12.2 

36.3 

51.5 

9 

15555 

1537 

4379 

9659 

9.9 

28.2 

61.9 

10 

13195 

1655 

4939 

6601 

12.5 

37.4 

50.1 

11 

18898 

2837 

4310 

11751 

15.0 

22.8 

62.2 

12 

14706 

1773 

4007 

8926 

12.0 

27.2 

60.8 

13 

21613 

2128 

4541 

14944 

9.8 

21.0 

69.2 

14 

34997 

6146 

20821 

8030 

17.6 

59.4 

23.0 

15 

20911 

5201 

5809 

9901 

24.8 

27.8 

47.4 

TOTAL 

206113 

33690 

77014 

95409 

16.4 

37.3 

46.3 

In  Tables  No.  6  and  7  are  seen  the  tabulation  of  data  taken 
from  another  ingot  and  are  similar  to  the  data  given  for  the 
test  described.  Tables  No.  8,  9  and  10  are  the  results  as  ob¬ 
tained  from  two  other  ingots  and  calculated  by  Mr.  Seibert. 
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Fig.  27-a.  Steam  'Consumption  per  Ton  per  Unit  of  Elongation  for  20 
bv  22  in.  Ingot  rolled  to  4^  by  6%  in.  from  Set  No.  7  and  Set  No. 
15  Cards. 


Figure  27-a  represents  the  pounds  of  steam  consumed  per 
ton  of  steel  rolled,  per  unit  of  elongation,  as  calculated  by  Mr. 
H.  C.  Siebert.  This  curve  represents  the  results  of  observations 
taken  for  two  separate  ingots. 

Figure  27-b  represents  the  indicated  horse  power  seconds 
per  ton  per  unit  of  elongation  for  the  same  two  ingots. 

Figures  27-c  and  27-d  represent  the  analysis  of  the  cylinder 
performance.  These  curves  clearly  show  the  uniform  distri¬ 
bution  of  work  in  the  various  cylinders  and  the  cylinder  events. 
The  pounds  of  steam  per  stroke  is  also  shown  on  these  sheets. 

stud\  of  these  two  curves  an  accurate  concep¬ 
tion  ot  the  cylinder  performance  and  events  is  easily  obtained. 


INDICATED  HCW6C  POWtA  fctCCNDS  PCA  TON 


Fig.  27-b.  Indicated  Horse  Power  Seconds  per  Ton  of  Steel  per  Unit 
of  Elongation  for  20  by  22  in.  Ingot  rolled  to  VA  by  6%  in.  from  Set 
No.  7  and  rolled  to  5Ms  by  7  in.  from  Set  No.  15. 
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Graphical  Analysis  of  Cylinder  Performance 


(Part  2). 
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* 

As  the  figures  shown  in  Tables  No.  1,  2,  and  3  compare  quite 
closely  with  those  shown  in  Tables  No.  6  and  7,  and  Tables 
No.  8,  9  and  10,  we  feel  that  the  results  of  the  operation  of  this 
mill  have  been  sufficiently  checked  and  can  be  taken  as  repre¬ 
sentative  of  the  operation. 


Table  No.  10u  Summary  of  Results  as  Calculated  by  H.  C.  Siebert 

from  Tests  No.  7  and  No.  15. 


Set  Number . 

Weight  of  Ingot — Tons . 

Length  of  Ingot — Ft.  &  Ins . 

Average  area  of  Ingot — Sq.  Ins . 

Section  of  Bloom — Ins . 

Area  of  Bloom — Sq.  Ins . 

Length  of  Bloom — Ft.  &  Ins.  . . . 

Elongations  . 

Indicated  Work — H.  P.  Secs . 

Friction  Work — H.  P.  Secs . 

Acceleration  Loss — H.  P.  Secs . 

Available  for  Rolling — H.  P.  Secs . 

Friction  Work — Percent  . 

Acceleration  Loss — Percent  . 

Available  for  Rolling — Percent  . 

Total  Steam — Pounds  . 

Steam  per  Ton  for  11  Elongations — Pounds  . 

Steam  per  I.  H.  P.  Hour  (Dry  from  Ind.  Cards.) — Lbs. 
Steam  per  I.  H.  P.  Hour  (Plus  30%  for  losses) — Lbs... 
Temperature — Deg.  F . 


7 

2.74 

4  ft.  9  5/16  in. 
379 

AH  in.  X  6 Y\  in. 
♦  32.9 

55  ft.  0  in. 
11.52 
211,106 
37,465 
61,901 
111,740 
17.8 
29.3 
•  52.9 

1,302 
475 

17.1 
22.2 
2,245 


15 

2.46 

4  ft.  2  13/16  in. 
399 

7  in.  X  S'A  in. 

35.9 

47  ft.  0  in. 

11.10 
206,113 

33,690 

77,014 

95,409 

16.4 

37.3 

46.3 
1,272 

515 

17.1 

22.2 
2,200 


The  writer  wishes  to  express  his  appreciation  of  the  valuable 
assistance  of  all  of  the  members  of  the  Steam  Engineering  De¬ 
partment  of  The  Youngstown  Sheet  &  Tube  Company,  and  es¬ 
pecially  to  Messrs.  Kneass  and  Butler  who  have  devoted  much 
of  their  time  to  the  calculation  of  results  and  preparation  of 
curves  for  this  paper.  He  also  wishes  to  thank  Mr.  H.  C.  Sie¬ 
bert,  Mr.  W.  C.  Coryell,  and  the  Mesta  Machine  Company  for 
their  calculation  of  separate  ingots  for  the  purpose  of  checking 
the  results  obtained  by  the  writer. 


DISCUSSION 

Mr.  Ciiarles  Fitzgerald,  Jr.*:  'Mr.  Nibecker’s  paper  is 
highly  interesting  and  valuable  for  several  reasons,  among  which 
may  be  especially  noted,  the  unusually  low  values  obtained  tor 
steam  consumption  per  I.  II.  P.  hour.  Although  the  results 
obtained  for  the  economy  of  the  engine  are  exceptionally  good, 

•Assistant  Steam  Engineer,  Duquesne  Works,  Carnegie  Steel  Company,  Du* 

quesne,  Pa. 
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other  features  of  the  engine  have  counteracted  this  apparent 
economy,  resulting  in  a  steam  consumption  per  unit  of  effect 
on  the  steel  that  is  not  record-breaking,  though  as  good  as  the 
best  engines  built  previously. 

The  only  exception  that  can  be  taken  to  the  test  methods 
is  the  marking  of  %  seconds  points  on  the  indicator  paper 
for  the  purpose  of  plotting  a  speed  curve,  since  the  instantan¬ 
eous  linear  speed  of  the  paper  is  proportional  neither  to  time 
nor  to  the  speed  of  the  engine.  Only  a  very  approximate 
curve  can  be  plotted  in  this  manner,  interesting  to  show  the 
general  shape,  but  not  valuable  as  a  means  of  applying  a 
kinetic  energy  factor  to  the  solution  of  the  problem  of  actual 
force  applied  at  rolls.  The  location  of  the  passes  by  this  meth¬ 
od  is  also  open  to  error  unless  checked  by  the  indications  of  a 
correct  speed  curve,  which  shows  plainly  the  period  of  the  bloom 
in  the  rolls.  This  fact  is  illustrated  on  one  of  the  figures 
where  a  pass  mark  is  shown  overlapping  a  reversal  point. 

Mr.  Nibecker  states  that  “it  is  assumed  that  the  work 
consumed  in  stopping  the  rotating  and  reciprocating  parts  is 
the  same  as  that  consumed  in  accelerating  them.”  This  need 
not  be  considered  an  assumption  as  it  is  a  physical  fact. 

The  impossibility  of  using  a  large  amount  of  steam  in 
plugging  this  engine  is  not  apparent.  The  amount  of  steam 
lost  in  this  way  is  proportional  to  the  size  of  negative  cards 
preceding  reversals,  which  owing  to  the  excessive  inertia,  are 
larger  than  on  other  engines  of  the  same  type.  The  quantity 
of  steam  lost  in  plugging  the  engine  is  not  of  great  importance 
and  has  not  been  considered  on  tests  of  this  kind.  The  check 
on  steam  consumption  made  by  means  of  a  weir  and  record¬ 
ing  thermometers  is  open  to  a  considerable  element  of  doubt 
owing  to  the  failure  of  the  thermometers  to  follow  the  rapid 
variations  in  temperature  of  condenser  water  occurring  in  this 
class  of  service. 

The  figure  of  18  pounds  per  I.  H.  P.  hour  looks  too  good  to 
be  true.  This  unit  is  a  function  of  the  shape  of  the  indi¬ 
cator  card,  and  the  fact  in  the  case  is,  that  the  best  individual 
cards  from  this  engine  do  not  show  as  good  expansion  as  the 
average  cards  from  a  Corliss  compound  engine  driving  a  three- 
high  blooming  mill.  With  this  fact  in  view,  therefore,  the 
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economy  of  an  engine  of  the  later  type  should  be  very  much  low¬ 
er  than  the  figures  generally  accepted.  However,  comparisons  of 
this  kind  should  not  be  made  unless  the  operating  conditions  in 
both  cases  are  known  and  stated. 

The  gap  between  the  economy  of  the  Mesta  engine  and 
those  using  throttle  control  is  widened  by  quoting  the  figure 
of  35  pounds  per  I.  H.  P.  hour,  which  is  too  high.  With  the 
same  vacuum  and  allowance  for  moisture  as  considered  in  ar¬ 
riving  at  the  figure  of  18  pounds,  the  throttle  controlled  engine 
would  not  exceed  27  pounds.  Notwithstanding  this  fact,  the 
difference  shown  in  favor  of  the  single  lever  control  is  very 
striking.  An  error  has  probably  been  made  in  quoting  a  friction 
loss  of  only  9.8  percent.  This  figure  should  be  from  17  to  20 
percent  and  this  difference  must  be  subtracted  from  the  percent 
of  work  available  for  rolling,  bringing  the  latter  figure  down  to 
about  46  percent. 

The  curves  of  work,  Figs.  17  and  18,  will  be  misleading  if 
they  are  considered  in  any  way  as  indicative  of  the  engine 
operation.  They  express  functions  of  mill  operation  and  steel 
conditions  only.  To  obtain  curves  of  the  actual  work  supplied, 
the  indicated  work  must  be  plotted  on  the  same  basis,  and  due 
to  the  excessive  amount  of  acceleration  loss,  these  curves  will 
be  found  higher  than  those  of  any  other  similar  engine  yet 
tested.  It  is  because  of  this  fact  that  while  the  steam  consump¬ 
tion  per  I.  H.  P.  hour  is  very  good,  yet  the  steam  per  unit  of 
effect  is  no  better  than  that  obtained  in  other  good  engines. 

However,  when  the  causes  of  this  excessive  loss  are  re¬ 
moved.  there  is  no  doubt  that  engines  of  this  type  will  become 
an  efficient  substitute  for  one  of  the  most  inefficient  machines 
in  modern  steel  works  practice. 

The  Author:  At  the  time  of  making  the  test  which  the 
leading  paper  described,  it  was  our  custom  to  place  the  half 
second  indications  on  the  indicator  card.  This  we  realized  at 
the  time  was  not  the  best  method  of  procedure,  but  was  used  in 
the  absence  of  a  better  scheme.  It  is  our  practice  at  present  to 
locate  these  points  on  the  constant  speed  chart  of  the  Tlall- 
wachs  steam  meter  recorder. 

When  the  seconds  are  recorded  on  the  indicator  cards,  we 
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fully  appreciate  that  the  indications  cannot  be  used  as  plotted, 
as  the  cross  head,  and  hence  the  indicator  moves  at  a  varying 
rate  of  speed.  These,  however,  bear  a  certain  ratio  at  every 
instant  to  the  velocity  of  the  crank  and  hence  the  rotation  of 
the  engine.  By  means  of  a  small  crank  and  connecting  rod 
diagram,  these  points  can  readily  be  referred  to  the  condition 
of  uniform  speed,  so  that  an  accurate  representation  of  the  curve 

can  be  plotted. 

As  regards  the  friction  load  upon  this  engine,  we  feel  that 
there  are  slight  possibilities  of  making  an  error  in  this  de¬ 
termination.  As  mentioned,  this  quantity  was  determined  from 
a  large  number  of  continuous  indicator  cards  taken  with  the 
engine  running  at  constant  speed.  In  order  to  demonstrate  that 
this  is  not  an  impossible  value,  we  would  refer  to  the  engine 
at  the  Brier  Hill  Steel  Company,— the  results  of  a  test  of  which 
are  appended  to  this  paper. 

The  friction  M.  E.  P.  of  5.5  and  a  friction  work  of  13 
percent  which  was  determined  from  this  engine,  will  be  found 
to  be  considerably  below  the  17  to  20  percent  as  mentioned 
by  Mr.  Fitzgerald  as  being  the  proper  amount.  Both  the  Brier 
Hill  engine  and  the  Youngstown  Sheet  &  Tube  engine  are  much 
more  modern  than  the  engines  with  which  Mr.  Fitzgerald  is 
familiar,  and  it  must  not  be  thought  impossible  that  these  new 
and  highly  developed  engines  should  have  a  friction  horse  power 
lower  than  any  of  those  to  which  Mr.  Fitzgerald  is  accustomed. 

It  will  be  remembered  that  in  the  original  paper,  the  check 
of  steam  consumption  by  means  of  the  condenser  heat  balance 
was  given  only  as  a  matter  of  interest.  W  e  feel  that  it  is 
quite  remarkable  that  this  value  should  check  as  closely  as  it 
does  with  the  proper  value  when  the  difficulty  of  obtaining  the 
necessary  observations  is  considered.  We  do  not  advocate  the 
use  of  this  method  except  as  a  very  poor  and  rough  determina¬ 
tion  in,  the  absence  of  the  necessary  steam  meter, ,  and  would 
only  accept  the  results  thus  obtained  as  approximate,  after 
every  possible  precaution  in  determining  the  observations  had 

been  applied. 

Mr.  M.  F.  McConnell*  :  I  wish  to  express  my  apprecia- 
tion  and  thanks  to  the  writer  of  this  paper.  Any  one  who 

•Superintendent.  Mingo  Works,  Carnegie  Steel  Company,  Mingo  Junction,  Ohio. 
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has  handled  much  of  this  work  will  understand  the  tremendous 
amount  of  detail  required  in  preparing  such  a  paper  lor  pre¬ 
sentation. 

We  have  no  reason  to  question  that  the  data  offered  is  cor¬ 
rectly  reduced  from  the  indicator  diagrams  as  taken  and  is  a 
proper  record  of  the  power  and  steam  consumption  during  the 
rolling.  While  the  steam  consumption  per  indicated  horse 
power  as  reported  is  truly  remarkable  for  a  reversing  engine, 
it  is  not  exceptional  when  compared  with  ordinary  engine  prac¬ 
tice  and  is  hardly  more  than  ordinary  when  considered  on  a 
basis  of  work  actually  delivered  to  the  rolls. 

As  far  as  I  can  see  his  Work,  his  tests  and  methods  of 
tabulating  have  been  very  accurate  and  I  haven’t  any  reason 
to  doubt  anything  his  test  data  has  shown.  The  only  question 
that  comes  up  is  one  of  interpretation  of  the  tests  as  shown. 
The  question  of  a  steam  consumption  has  been  raised  by  Mr. 
Fitzgerald,  that  is,  that  the  actual  appearance  of  the  indicator 
cards  does  not  seem  to  justify  a  steam  consumption  as  low  as 
that  which  he  has  showrn.  In  fact,  it  takes  a  pretty  nice  look¬ 
ing  indicator  card  to  show  a  steam  consumption  as  low  as  20 
lb.  when  you  make  an  allowance  of  6  lb.  for  condensation. 

One  remarkable  thing  is  the  high  vacuum  which  he  reports 
in  his  low  pressure  cylinders,  25  in.  when  w^e  consider  the 
speed  at  wThich  this  engine  runs  a  good  deal  of  the  time.  I  am 
not  expecting  normally  a  low  pressure  indicator  card  showing 
a  vacuum  of  20  in.  or  22  in.  even  in  slow  speed  work. 

Mr.  Fitzgerald  has  brought  up  the  question  of  comparison 
with  a  three  high  mill  engine  for  steam  consumption  I  do  not 
think  that  that  need  be  brought  into  the  matter  because  a  two 
high  and  a  three  high  mill  are  almost  entirely  different.  The 
work  which  is  laid  out  for  the  twyo  high  mill  in  the  ^  oungstow  n 
Sheet  &  Tube  Co.  plant,  shown  by  Mr.  Nibecker,  is  entirely  out 
of  the  proper  range  of  the  three  high  mill.  It  seems  to  me 
there  is  a  very  small  field  where  the  matter  should  he  con¬ 
sidered. 

Mr.  Nibecker  showed  a  curve  in  Fig.  18  to  which  I  would 
call  attention,  as  it  adds  to  the  discussion  that  was  raised  at  the 
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time  Mr.  Siebert’s  paper  was  presented,*  the  question  of  the 
units  by  which  the  work  of  the  rolling  should  be  measured. 
In  this  case  he  brings  out  the  work  for  elongation.  At  the 
time  of  Mr.  Siebert’s  paper  we  suggested  the  formula  which 
has  been  used.  Mr.  Edwards,  of  the  Morgan  Engineering  Co., 
brought  out  at  that  time  a  formula  where  he  has  a  certain  con¬ 
stant  times  the  logarithm  of  the  ratio  of  reduction  and 
elongation.  I  have  undertaken  to  analyze  the  curve  which  Mr. 
Nibecker  has  shown. 

The  accompanying  Fig.  28  shows  the  power  curves  of  this 
test,  the  gross  work  curve  D  showing  the  total  energy  expended 
per  elongation.  The  gross  less  friction,  curve  E,  shows  the  work 
expended  above  that  simply  required  to  turn  the  engine  over. 
The  net  work,  curve  J,  shows  the  work  which  actually  reaches 
the  mill  after  deducting  the  work  required  for  acceleration. 
The  difference  between  these  last  curves  shows  the  tremendous 
price  that  has  been  paid  for  the  increased  steam  efficiency. 

For  the  purpose  of  comparison,  I  have  plotted  the  data 
from  the  test  published  by  our  fellow  member,  Mr.  F.  G. 
Gasche,  in  “Power”,  June,  1907;  which  shows  a  comparative 
check  with  the  net  curve  of  the  test  under  discussion.  As  far 
as  I  know,  no  effort  was  made  in  Mr.  Gasche ’s  test  to  eliminate 
the  work  of  acceleration. 

Curve  G  is  the  logarithmic  curve  of  the  formula: 

W  =  Hyp.  Log.  of  R  X  C 
when  B  =  Number  of  Elongations 
the  coefficient  C  =  11  000  000  foot  pounds. 

The  similarity  of  this  curve  to  that  shown  by  the  two 
tests  plotted  and  borne  out  by  many  tests  in  which  the  writer 
has  been  interested,  is  sufficient  evidence  to  me  that  having 
developed  the  coefficient  C  for  any  given  set  of  conditions,  such 
as  temperature,  density  of  material  and  general  rolling  condi¬ 
tions;  the  formulae  will  give  results  for  the  whole  or  any  sub¬ 
division  of  a  rolling  problem,  the  accuracy  of  which  will  be 
well  within  the  allowances  which  we  are  bound  to  make  for 
variable  conditions  in  the  operation  of  any  mill. 

Measurement  and  Calculation  of  the  Power  Required  to  Roll  Steel”,  by  H.  C. 
Siebert  and  Charles  Fitzgerald,  Jr.;  Proceedings,  Engineers’  Society  of  Western 
Pennsylvania,  1913,  Vol.  29,  p.  445-567. 
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We  all  realize  that  this  coefficient  will  become  greater  on 
the  smaller  sections,  such  as  sheet  bar,  skelp  and  bar  mill  pro¬ 
ducts.  A  large  portion  of  the  increase  may  be  credited  to  the 
greater  mill  friction  as  compared  with  the  work  actually  done 
on  the  steel. 
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Fig.  28.  Work  per  Unit  of  Elongation. 


The  value  of  12  030  000  lb.  for  Mr.  Nibecker’s  curve  com¬ 
pares  very  favorably  with  any  other  testing  which  I  have  noted, 
where  the  value  of  friction  has  been  eliminated  from  the  cal¬ 
culation.  That  value  of  friction  he  gives  at  about  10  percent. 
We  usually  found  it  running  from  15  to  25  percent. 
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The  last  column  in  Table  No.  1,  is  the  column  Mr.  Nibecker 
used  to  plot  the ,  curve  which  we  last  showed  on  the  screen, 
and  our  formula  will  work  about  to  that  constant  of  12  000  000. 
If  you  use  the  constant  of  actual  work  shown  in  the  fifth  col¬ 
umn,  you  will  find  90  800  837.  That  will  give  you  a  constant 
of  about  19  000  000. 

I  have  compared  this  with  the  different  tests  published 
by  Dr.  Piippe  and  one  test  published  by  Mr.  Gasche  in  1907. 
I  find  that  instead  of  19  000  000  on  this  engine,  the  Gasche 
test  runs  about  17  000  000  or  16  500  000 ;  but  it  shows  an  excess 
of  10  to  15  or  may  be  20  percent,  for  the  work  actually  being 
done  by  this  engine  to  roll  a  given  amount  of  steel,  over  almost 
any  other  published  tests  for  lighter  engines  in  this  service. 
There  have  been  no  tests  published  on  the  heavier  engines 
such  as  Mackintosh-Hemphill  engines  at  Duquesne,  Aliquippa 
or  Midland.  I  do  not  know  how  they  will  compare  with  this 
engine. 

I  might  call  attention  to  another  curve,  the  one  that  shows 
the  amount  of  work  per  cubic  inch  of  displacement,  Figure  17. 
That  is  the  other  unit  which  has  been  submitted  as  the  basis. 
That  unit  is  all  right  when  used  under  the  conditions  where  they 
have  used  it,  that  is,  adding  the  number  of  cubic  inches.  If 
you  pass  on  and  accumulate  that  up  to  the  end,  it  results  in  a 
peculiar  condition  in  having  displaced  33  000  cubic  inches  of 
an  actual  volume  of  15  000,  which  means  that  the  same  cubic 
inch  has  been  displaced  at  least  twice,  if  not  more.  It  would 
also  seem  that  if  we  undertake  to  take  the  actual  reduction  of 
the  piece  during  the  rolling,  which  in  this  case  represents  a 
reduction  of  about  90  percent,  we  would  only  have  about  13  000 
cubic  inches  displaced  and  we  would  have  an  entirely  different 
result  than  the  average  shown  by  the  actual  curve.  This 
line  follows  almost  identically  the  line  which  you  would  show  if 
you  would  plot  the  steam  consumption  and  the  work  done  per 
unit  of  reduction  as  the  hyperbolic  logarithm  of  the  number  of 
elongations. 

The  real  and  serious  question  brought  out  by  this  test 
is :  Can  we  not  design  an  engine  for  this  service  that  will  give 
reasonably  good  steam  consumption,  without  adding  such  a 
tremendous  burden  of  wasted  energy? 
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The  Author:  In  regard  to  Mr.  McConnell’s  discussion, 
he  says  a  steam  consumption  of  20  lb.  is  rather  remarkable 
even  in  a  Corliss  engine.  AVe  should  take  into  consideration 
that  this  engine  runs  most  of  the  time  at  better  than  145  lb. 
steam  pressure,  and  we  have  constantly  better  than  28  in. 
vacuum  in  the  condenser,  giving  us  from  25  in.  to  20  in.  in  the 
cylinder  of  the  engine.  If  the  efficiency  is  worked  out  on  the 
Rankine  cycle,  you  will  find  it  not  abnormally  high. 

I  am  very  glad  that  Mr.  McConnell  has  brought  out  the 
question  of  obtaining  the  unit  of  work  by  the  hyperbolic  log¬ 
arithm  of  the  elongation,  and  I  am  very  much  pleased  to  find 
that  the  constants  that  apply  to  that  formula  of  12  000  000 
seem  to  check  at  least  in  a  sort  of  a  way  with  Mr.  Gasche’s 
figures. 

Mr.  M.  F.  McConnell:  It  checks  with  most  anything  in 
that  line  that  I  have  been  able  to  find.  Of  course,  it  was  work¬ 
ed  up  without  consideration  of  friction  losses. 

The  Author  :  I  think  their  discrepancy  could  be  explained 
by  the  amount  of  power  used  in  acceleration  and  retardation 
and  the  low  friction. 

Mr.  C.  A.  McCollum*  :  In  rolling  steel,  as  in  many  other 
operations,  we  desire  the  most  useful  work  for  the  least  cost. 
The  steam  consumption  reported  in  this  paper  is  about  30  per¬ 
cent  lower  than  we  are  accustomed  to  for  this  class  of  work. 
I  sincerely  hope  that  such  is  the  case  and  that  no  mistake  has 
been  made,  as  it  indicates  that  the  steam  engine  has  not  reached 
its  fullest  development  for  rolling  mill  work. 

A  test  of  this  kind  requires  much  care  in  preparation,  con¬ 
duction  and  calculation.  The  most  important  phases  of  these 
operations  have  been  previously  discussed,  but  a  few  additional 
remarks  may  be  made.  It  is  very  interesting  to  note  the 
rapidity  of  reversals  in  such  a  large  engine,  but  I  do  not  be¬ 
lieve  a  half-second’s  time  recorder  is  accurate  enough  for  de¬ 
termining  acceleration  forces  where  the  speed  changes  from 
60  r.  p.  m.  in  one  direction  to  30  r.  p.  nu  in  the  opposite  direc¬ 
tion  in  2 y2  seconds.  This  is  equivalent  to  a  rate  of  change  in 

•Experimental  Engineer,  Homestead  Works,  Carnegie  Steel  Company,  Mun- 

hall,  Pa. 
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speed  of  14  r.  p.  m.  in  i/2  second.  Closer  time  recorders  can 
easily  be  obtained  by  the  various  pendulum  arrangements. 

Our  experience  with  the  Hallwachs  steam  meter  has  shown 
it  to  be  very  sensitive  to  fluctuations  such  as  obtain  in  a  line 
supplying  a  large  reversing  engine.  For  friction  loads  and  light 
passes,  however,  this  meter  reads  too  low,  partly  on  account  of 
the  greater  distance  between  platinum  contacts  near  the  bot 
tom  of  the  manometer. 

Another  item  of  interest,  and  also  of  importance,  is  the 
temperature  of  the  steel  being  rolled.  I  have  seen  some  tests 
reported  with  a  uniform  decrease  and  some  reported  with  a 
uniform  increase  in  temperature.  Mr.  Nibecker  has  it  both  ways 
and  finished  with  the  piece  81  deg.  Fahr.  hotter  at  the  end  of 
thei  fifteenth  pass  than  it  was  after  the  first  pass.  We  have 
found  that  the  temperature  obtained  during  rolling  does  not  de¬ 
pend  nearly  so  much  on  the  condition  of  the  steel  as  it  does 
on  the  method  and  judgment  used  in  obtaining  them.  For 
the  sake  of  comparison,,  it  would  be  well  to  have  a  standard 
method  of  obtaining  these  temperatures,  since  the  work  re¬ 
quired  and  steam  consumption  per  ton  rolled  is  less  with  hot 

than  with  cold  steel. 

The  reading  of  this  paper  directs  us  again  to  tlm  subject 
of  “ Standardization  of  Tests  on  Rolling  Mills”.  It  is  to  be 
regretted  that,  in  the  World’s  Steel  Center,  such  a  quantity 
of  useless  data  (useless  for  actual  comparison) .  has  been  col¬ 
lected  and  reported  in  whatsoever  form  the  individual  in  charge 
sees  fit  to  submit  it.  Would  it  be  within  the  province  of  this 
Society  to  appoint  a  committee  whose  duty  would  be  to  suggest 
methods  of  conducting  tests  on  the  leading  types  of  mills? 

The  Author:  As  regards  the  criticism  raised  by  Mr.  Me 
Collum  that  the  steam;  meter  will  not  read  properly  on  small 
amounts  of  steam,  we  would  say  that  the  type  of  meter  which 
we  use  is  so  constructed  that  the  contact  points  at  the  bottom 
of  the  manometer  are  spaced  more  closely  together,  thus  making 

the  instrument  accurate, — even  on  light  loads. 

The  author  quite  agrees  that  a  committee  upon  standardiza¬ 
tion  of  miH  tests  would  be  of  much  value  and  the  data  obtained 
could  thus  be  made  of  infinitely  more  real  value  to  those  in¬ 
terested  in  this  most  important  subject. 
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Mr.  Julian  Kennedy*  :  I  got  this  paper  late  last  evening 
and  read  it  this  forenoon  so  I  have  not  had  a  great  deal  of 
time  to  go  over  it.  I  want  to  take  up  one  or  two  features. 

There  has  been  a  criticism  of  high  counterbalancing  of  this 
engine.  Now  the  place  where  this  engine  goes  as  you  know,  is 
a  place  where  the  ground  is  not  particularly  good,  where  there 
has  been  another  engine  running  balanced  about  as  well  as  the 
average,  and  yet  which  shakes  the  entire  plant.  You  know 
there  are  locations  of  that  kind.  And  it  is  more  important 
sometimes  to  get  things  that  will  not  shake  the  plant  down 
than  it  is  to  save  the  last  pound  of  steam  per  ton  of  steel. 

You  are  also  all  acquainted  with  the  type  of  engine  which 
is  very  light  in  rotating  parts  and  somewhat  moderate  in  its 
cylinder  power  which  goes  off  after  this  fashion  (illustrating). 
When  the  ingot -goes  through  it  speeds  up  to  200  r.  p.  m.  and 
then  it  stops.  Of  course,  they  do  not  use  very  much  power  in 
accelerating,  but  it  does  use  up  a  good  deal  of  power  and 
smashes  a  good  deal  of  machinery  in  other  ways,  and  you  never 
see  a  pinion  run  six  years  without  touching  with  an  engine 
of  that  kind  hitched  to  it,  and  you  never  find  a  set  of  spindles 
run  six  years  without  breaking  and  being  thrown  away  with  an 
engine  of  that  type.  It  may  show  more  power  put  into  the  mill 
in  proportion  to  the  indicated  horsepower  than  another  type  of 
engine.  So  would  any  rolling  mill  engine  if  you  took  the  fly 
wheel  off  of  it.  But  it  would  not  roll  steel  successfullv.  It 
would  smash  the  mill  and  the  steam  consumption  would  go 
away  up. 

We  say  that  steam  consumption  is  improved  a  great  deal 
by  using  short  cut  off  and  reversing  engines.  So  it  is.  There  is 
no  doubt  about  that.  If  you  could  eliminate  from  that  engine 
features  which  make  a  short  cut  off  possible  and  save  some  other 
percentage,  of  course  you  would  get  a  phenomenal  result,  but 
you  cannot  eat  your  cake  and  have  it  too. 

There  is  another  thing  you  noticed  in  going  over  the  tables. 
In  some  passes  the  amount  which  was  represented  by  plugging 
the  engine  at  the  end  was  about  15  percent  of  the  work  done 
during  the  rolling  of  the  ingot.  In  the  next  pass  we  found  it 
running  40  percent  and  no  apparent  reason  for  it  at  all.  You 

•Engineer,  Pittsburgh,  Pa. 
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will  find  that  one  man  will  average  10  percent  better  than  the 
other  in  his  steam  consumption  in  the  mill.  There  would  not 
be  any  material  loss  but  that  engine  would  be  shut  down  at  the 
right  time  so  that  the  engine  running  145  in  the  middle  of  the 
ingot  would  come  down  to  about  30  as  the  ingot  leaves  the  roll. 
And  that  will  be  done  a  little  later.  The  gear  on  that  engine 
is  a  new  gear  and  very  sensitive  and  like  some  other  t  mgs  you 
push  it  and  you  have  got  to  jiggle  it  back.  Since  t  ey  ave 
had  some  experience  with  it  they  have  developed  the  ingenious 
device  of  putting  a  spring  at  the  far  end  so  that  the  man  pushes 
the  handle,  and  it  pushes  it  back.  That  helps  the  man  hand  e 
it  more  accurately,  taking  out  the  lost  motion  so  the  control  is 
very  much  better  and  I  have  no  doubt  at  all  that  to  ay 
best  man  that  runs  that  engine  can  show  under  -0  percen 

instead  of  34  percent. 

The  Author  :  I  think  so,  yes. 

Mb  Julian  Kennedy:  And  a  little  later  you  will  get  it 
down  to  15  percent.  Now  what  you  want  in  a  mill  is  not 
particularly  the  very  lowest  steam  consumption  per  in  ica  e 
horse  power,  but  you  want  fairly  low  consumption  per  tonof 
steel  and  a  nice  smooth  running  mill  that  will  run  a  long  time 

5L»«  repairs  and  ...  ft..  *>  ^  ^  ™ 

Sunday  taking  up  slack.  One  can  easily  imagine  the  re 
efect  of  a  mill  of  jumping  it  along  irregularly  or  running  it 

as  smoothly  as  any  electric  motor  would  run  it.  _ 

In  regard  to  the  reciprocating  parts  of  tins  engine  it  wa 
understood  that  the  reciprocating  parts  should  be  ig :  >  *■  ' 

Iverson  who  designed  this  engine  got  those  parts  as  light  as  was 

Steed  conservative,  no.  to  ft.  very  1... 
did  not  want  to  get  an  engine  like  a  racing  automobile,  but  one 
which  would  be  reasonably  light  and  at  the  same  time  strong 
and  reliable.  Then  came  up  the  question  ot  counterbalancing. 
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when  you  take  them  off,  instead  of  the  pressure  on  your  main 
bearings  which  tends  to  shake  your  blast  furnaces,  stoves  and 
other  structures,  (and  292  tons  about  is  the  maximum  pressure 
on  the  two  main  bearings  of  the  engine  running  at  200  r.  p.  m. 
which  is  about  the  speed  we  have  to  provide  for)  with  counter¬ 
balances  removed,  it  is  982  tons.  Quite  a  little  difference  on  a 
bed  of  blue  clay. 

The  bending  moment  on  the  crank  pin  at  the  end  of  the 
pin  where  it  joins  the  cheek  is  7923  inch-tons.  With  those  counter 
■weights  off  it  is  16  203.  It  makes  a  difference  between  a  25 
in.  shaft  and  a  28  in.  shaft  if  you  want  corresponding  strength. 
The  shaft  was  cut  from  28  to  25  and  possibty  it  should  have  been 
cut  below  25,  but  the  makers  felt  it  would  look  as  though  we 
were  skinning  the  job  if  they  cut  it  that  much  and,  therefore, 
did  not  go  to  the  limit  of  what  might  have  been  done,  possibly 
with  advantage  to  the  engine.  The  counterbalances  on  each  en¬ 
gine  are  equivalent  to  40  600  lb.  The  other  rotating  parts  in 
the  system  bring  up  the  total  rotating  weights  to  245  000.  Some 
of  that  the  designers  are  not  responsible  for.  It  was  neces¬ 
sary  to  build  that  mill  to  roll  a  pass  through  on  a  slab  4  in. 
thick  and  the  next  time  to  edge  a  slab  42  in.  wide,  therefore  they 
put  on  large  pinions  and  long  spindles,  etc.  The  rotating  masses 
on  the  shaft  are  balanced,  in  addition  55  percent  of  the  recip¬ 
rocating  parts  are  balanced.  The  consequence  is  that  the  en¬ 
gine  does  not  shake  the  plant.  Under  some  conditions  1  know 
of  it  would  be  the  wise  thing  to  do  to  put  on  more  counter¬ 
balance.  Several  years  ago,  the  writer  installed  an  engine 
running  250  r.  p.  m.,  20  in.  stroke,  at  the  top  of  a  hoist  at  the 
Lucy  Furnace.  That  engine  was  balanced  100  percent  on  the 
reciprocating  parts  set  100  ft.  from  the  ground  on  a  hoist  tower 
and  it  does  not  shake  at  all.  It  was  tested  sitting  on  gas  pipe 
rollers  without  any  motion.  It  is  easy  to  do  that. 

Now  all  that  is  necessary  to  get  that  work  back  is  to  learn 
to  shut  the  throttle  at  such  time  that  it  will  bring  the  engine 
down  to  30  revolutions  as  the  piece  leaves  the  rolls.  That  will 
give  quick  enough  reversing  for  anything  but  the  most  rapid 
work.  You  must  remember  that  a  great  many  of  the  engines 
of  this  country  have  just  as  good  valve  gear  as  this  engine, 
floating  gears  and  everything  to  permit  the  nicest  arrangement 
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of  cut  off.  A  great  many  reversing  engines)  would  not  run 
comfortably  with  a  cut  off  because  they  haven  *t  quite  enough 
weight  in  rotating  parts.  You  cannot  run  an  engine  with  25 
percent  cut  off  without  a  little  bit  of  fly  wheel,  and  if  it  takes 
a  little  power  to  handle  that  fly  wheel,  you  had  better  have  it 
and  save  a  greater  amount  of  power  by  using  a  cut  off. 

Mr.  H.  C.  Siebert*  :  Mr.  McConnell  states  that  the  cu.  in. 
displaced  in  the  different  passes  when  added  together  result  in 
the  peculiar  condition  of  having  a  displacement  that  is  greater 
than  the  volume  of  the  original  body.  I  wish  to  state  that  there 
is  nothing  peculiar  about  it.  It  is  a  fact.  The  reason  why  the 
displacement  varies  with  different  drafts  and  number  of  passes, 
also  the  difference  in  the  displacement  as  obtained  by  the 
formula  recommended  by  Mr.  McConnell  and  the  formula  used 
by  Mr.  Nibecker,  already  has  been  fully  discussed  before  this 
Society,  and  it  is  unnecessary  to  go  over  that  ground  again. 

Those  who  will  study  the  two  formulae  with  the  aid  of  the 
discussion  as  found  in  these  Proceedings  Yol.  29,  November  1913, 
p.  545  etc.,  will  have  no  difficulty  in  dispelling  apparent  pecu¬ 
liarities.  It  may  be  restated  here,  however,  that  the  volume  dis¬ 
placed  according  to  the  Hyp.  log  formula  recommended  by  Mr. 
McConnell  is  always  greater  than  that  calculated  by  the  formula 
that  was  used  by  Mr.  Nibecker.  Besides,  the  former  formula 
disregards  the  equality  between  the  volume  displaced  and  the 
elongation  while  the  latter  formula  takes  this  equality  into  ac¬ 
count.  This  fact  is  important  and  is  very  clearly  shown  on  the 
table  on  p.  550  of  the  Proceedings  above  referred  to. 

It  can  be  stated  also  that  in  the  hyp.  log  formula  as 

soon  as  —  becomes  1  or  greater  than  1,  the  volume  displaced 

a 

will  be  equal  to  or  greater  than  the  volume  of  the  ingot.  Thus, 
tor  example,  if  we  have  a  reduction  of  area  of  63  percent  in  one 
pass,  we  will  displace  100  percent  of  the  volume  of  the  body 
being  rolled.  This  may  seem  like  an  extreme  reduction,  but  it 
serves  to  show  the  fallacy  of  the  Hyp.  log  formula.  I  am  satis¬ 
fied  that  Mr.  Nibecker  has  followed  the  logical  processes  by  bas¬ 
ing  his  results  on  displacement  of  the  formula  Vd  =  ( A  —  a)  L. 

*Steam  Engineer,  Duquesne  Works,  Carnegie  Steel  Company,  Duquesne,  Pa. 
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Prof.  C.  L.  W.  Trinks*  :  In  this  discussion,  I  should  like 
to  make  first  a  few  remarks  in  reply  to  Mr.  Fitzgerald.  He 
states  that  the  engine  and  mill  friction  should  be  higher  than 
taken  in  Mr.  Nibecker’s  calculations,  because  he  invariably 
found  it  to  be  higher.  But  Mr.  Nibecker  has  taken  a  great 
number  of  friction  cards,  and  I  think  that  we  can  believe  the 
indicator  cards  in  this  instance.  The  fact  that  Mr.  Fitzgerald 
is  exceedingly  well  acquainted  with  engines  having  greater 
friction  does  not  mean  that  the  engine  under  discussion  must 
have  the  same  amount  of  friction.  From  my  knowledge  of  the 
present  engine  and  of  the  majority  of  other  engines,  I  should 
judge  that  it  must  have  less  friction.  There  is  a  stream  of  oil 
running  on  all  the  bearings,  the  hollow  shaft  is  full  of  oil  and 
lubricates  the  crank  pins.  The  eccentrics  are  flooded,  etc.  There 
is  a  great  difference  between  stream  lubrication  and  drip  lubri¬ 
cation.  Perhaps  we  should  be  more  definite  in  our  expression 
of  percentages  and  should  state  whether  we  mean  percent  of 
total  positive  work  done  or  percent  of  work  going  to  the  mill. 

Finally  I  have  my  doubts  about  the  degree  of  accuracy  of 
steam  flow  meter  under  heavy  fluctuations.  They  must  be 
damped  in  order  to  prevent  excessive  natural  vibrations  of  the 
mercury  column.  From  the  fact  that  the  mercury  indicates  the 
square  of  the  velocity,  results  the  conclusion  that  damping 
makes  the  meter  read  too  high.  Take  for  instance,  a  velocity 
of  flow  drawing  abruptly  and  cyclically  from  6  to  10  feet  per 
second  and  back  again.  If  the  meter  is  so  well  damped  that  it 
shows  the  average,  it  will  show  yiOO  -r-  2  or  7  ft.  per  second; 
whereas  the  time  average  is  5  ft.  per  second.  This  example  is 
an  extreme  case,  but  it  shows  the  tendency. 

Mr.  McConnell  .stated  that  in  his  opinion,  twenty  pounds 
per  indicated  horsepower  hour  was  a  pretty  good  steam  con¬ 
sumption  for  a  continuous  running  compound  condensing  roll¬ 
ing  mill  engine,  and  that  thirty  pounds  was  good  for  a  non¬ 
condensing  engine.  I  would  like  to  have  Mr.  McConnell  come 
out  to  the  Carnegie  Institute  of  Technology  some  evening  where 
he  will  see  a  single  cylinder  non-condensing  engine  operating 
on  17  to  18  lb.  per  i.  h.  p.  hr. 

•Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology,  Pitts¬ 
burgh. 
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I  also  wish  to  answer  the  remark  made  here  by  some  one 
that  the  temperature  of  the  steel  apparently  rose  during  rolling. 
All  who  have  made  tests  of  this  kind  have  observed  the  same 
phenomenon.  The  temperature  in  reality  does  not  rise,  but  the 
pyrometer  sees  at  first  the  cool  outside  of  the  ingot  instead  of 
its  warm  inside.  After  a  few  passes  you  get  the  inside  out, 
so  to  speak,  and  that,  of  course,  causes  the  apparent  temperature 
rise.  If  you  look  over  Dr.  Puppe’s  book  of  mill  tests,  you  will 
find  the  same  apparent  temperature  rise  in  every  case. 

Instead  of  discussing  the  paper  further,  I  wish  to  say  a 
few  words  on  the  history  of  the  compound  reversing  engine  in 
this  country.  I  believe  I  can  speak  with  some  authority  on 
this  subject,  because  I  have  been  connected  with  it  from  the 
very  beginning. 

The  first  twin  tandem  compound  reversing  engine  that 
amounted  to  anything  in  this  country  is  running  at  the  present 
time  at  the  Cambria  Steel  Co.  I  was  present  when  it  was  de¬ 
signed  and  built  by  the  Southwark  Foundry  in  Philadelphia  in 
1899  and  1900.  However,  this  engine  did  not  carry  the  country 
by  storm. 

Being  convinced  of  the  value  of  this  type  of  engine,  I  tried 
to  convince  others  of  its  value,  while  I  was  chief  engineer  of  the 
Wm.  Tod  Co.  of  Youngstown,  0.  My  chances  appeared  very 
thin,  until  the  Illinois  Steel  Co.  (where  the  progressive  Mr. 
Gasche  has  something  to  say),  bought  two  of  these  engines.  I 
had  the  pleasure  of  designing  these  engines  and  of  reporting  on 
them  to  this  Society  in  1905.  They  struck  a  warm  spot  in  the 
heart  of  the  American  rolling  mill  engineer  with  the  result  that 
within  the  following  year  seven  or  eight  others  were  built. 

Now,  it  is  a  general  rule  that  anything  that  is  a  commercial 
success  is  followed,  imitated,  copied  or  improved  upon  by 
others,  whatever  you  wish  to  call  it.  But  it  also  happens  that 
by  some  only  the  external  features  are  followed  and  that  hidden 
features,  such  as  port  cutting  in  throttle  valves,  etc.  are  missed. 
The  consequence  was  that  some  of  these  compound  engines  can 
scarcely  be  called  a  credit  to  the  art  of  the  engine  builder  and 
did  more  harm  than  good  as  far  as  their  general  introduction  is 

concerned. 

About  that  time  the  exhaust  steam  turbine  came  along.  It 
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seemed  to  sound  the  death  knell  to  the  compound  reversing  en¬ 
gine,  because  the  standard  American  simple  reversing  engine 
exhausting  into  a  steam  turbine  was  certainly  simpler  and  more 
economical  than  some  of  the  so-called  compound  reversing  en¬ 
gines.  I  know  of  two  cases  where  the  combination  engine  and 
turbine  were  installed  for  that  reason. 

The  building  of  the  engine  under  discussion  was  occasioned 
by  the  unsatisfactory  operation  of  a  regenerator  plant.  I  take 
great  interest  in  the  paper  of  the  evening,  because  I  did  my  best 
to  have  this  engine  equipped  with  the  single  lever  control  which 
has  been  so  successful  in  Germany.  There  it  is  even  more  suc¬ 
cessful  than  it  is  on  the  engine  under  discussion,  because  there 
we  find  three  crank,  six  cylinder,  compound  reversing  engines. 
If  we  tried  to  introduce  a  six  cylinder  engine  in  America  at  the 
present  time,  we  would  meet  with  considerable  resistance  on  the 
part  of  the  master  mechanics  who  feel  that  it  is  hard  enough 
to  look  after  four  cylinders  and  that  it  would  be  too  troublesome 
to  look  after  six.  I  believe  that  they  will  realize  that,  with 
engines  of  the  type  under  discussion,  four  cylinders  are  no 
trouble  at  all  and  that  engines  can  probably  be  so  built  that  six 
cylinders  occasion  no  more  trouble. 

In  my  experience  I  have  found  that  there  is  a  great  deal 
of  British  conservatism  in  the  American  rolling  mill  engineer 
and  master  mechanic.  When  I  designed  the  engines  for  the 
Illinois  Steelj  Co.,  I  succeeded  in  breaking  down  some  of  the 
old  rules,  but  in  other  “radical  innovations”  I  did  not  succeed. 
For  instance,  I  tried  to  equip  the  engines  with  short  main  bear¬ 
ings  and  with  a  simple  straight  line  valve  gear  in  which  the 
rods  took  hold  of  the  valve  eccentric.  No  use;  under  pressure 
of  the  engineers  from  the  Steel  Company  and  of  my  colleagues 
at  the  engine  works,  I  had  to  make  main  bearings  long  enough 
to  carry  a  200  ton  fly  wheel  when  there  was  no  fly  wheel  to  be 
carried,  and  I  had  to  build  a  round-about  valve  gear,  because  it 
“would  be  very  unmechanical  and  poor  engineering”  to  take 
hold  of  the  valves  out  of  the  center.  I  am  more  than  pleased 
to  report  that  the  engine  under  discussion  tonight  has  short 
bearings  and  a  straight  line  valve  gear  drive.  And  I  am  some¬ 
what  afraid  also,  if  it  had  not  been  for  the  fact  that  Mr.  Julian 
Kennedy  was  consulting  engineer  for  the  Youngstown  Sheet 
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&  Tube  Co.  on  this  engine,  it  might  have  had  long  bearings  also. 

I  think  that  the  rolling  mill  industry  is  indebted  to  Mr.  Kennedy 
for  breaking  down  some  of  the  superstititions  existing  in  it. 

Having  been  connected  in  the  reversing  engine  industry 
for  so  long,  I  naturally  have  ideas  as  to  what  a  good  reversing 
engine  should  really  be.  If  I  should  lay  these  before  you,  I 
would  probably  be  called  an  utopian,  a  dreamer,  or  one  of  those 
theoretical,  impracticable  professors.  And  yet  I  hope  to  have 
the  privilege  of  reporting  to  you  again  eight  or  ten  years  from 
now  and  I  feel  certain  that  at  least  some  of  my  “dreams”  will 
have,  been  realized  at  that  time. 

The  Author  :  As  regards  the  steam  flow  meter,  it  must  be 
borne  in  mind  that  the  meter  does  not  register  average  steam 
flow,  due  to  being  properly  dampened,  as  suggested  by  Prof. 
Trinks.  The  only  part  of  the  meter  affected  by  inertia,  is  the 
small  mercury  column. 

The  steam  flow  at  every  instant  is  recorded  by  meajis  of  a 
dead  beat  electric  arc  recorder  and  the  quantity  over  any  given 
time  is  obtained  either  from  the  recording  chart,  or  by  means  of 
a  delicate  recording  wattmeter  controlled  electrically  by  means 
of  the  mercury  column.  When  these  facts  are  considered,  it 
will  be  seen  that  the  meter  is  reasonably  accurate. 

Mr.  H.  C.  Siebert  :  I  would  like  to  make  an  answer  to  the 
point  brought  out  by  Prof.  Trinks  in  regard  to  the  friction  loss 
of  17  to  20  percent. 

We  have  had  considerable  experience  in  testing  reversing 
engines  of  different  types,  some  half  dozen  of  them.  Only  one 
of  these  machines,  a  small  simple  engine  and  an  old  engine,  did 
not  have  forced  lubrication  at  the  time  of  testing.  All  the  others 
had.  I  found  that  the  friction  load  from  the  reciprocating 
and  all  rotating  parts,  referred  to  the  engine  journals  amounted 
to  between  9  and  10  percent  of  the  total  weight  of  moving  parts. 
In  the  case  of  the  Mesta  engine  there  was  just  2  percent  differ¬ 
ence.  that  is  the  Mesta  engine  showed  about  2  percent  less  than 
the  others.  However,  the  criticism  of  Mr.  Nibecker’s  9.8  percent 
for  friction  loss  was  not  based  on  a  comparison  with  other  en¬ 
gines,  but  on  a  calculation  using  the  friction  cards  referred  to 
by  Prof.  Trinks.  Mr.  Fitzgerald  is  not  here  at  present,  but  I 
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believe  I  can  defend  him  on  that  point,  that  he  was  fully  justi¬ 
fied  in  criticising  the  low  figure  given  for  friction  by  Mr.  Ni- 

becker. 


Mr.  J.  0.  Hobbs*  :  May  I  ask  Mr.  Nibecker  what  method 
was  used  in  determining  the  calibration  constant  of  the  steam 
flow  meter. 


The  Author:  We  used  the  throttling  disc  and  the  area 
of  the  disc  was  measured  and  the  difference  of  pressure  deter¬ 
mined  by  the  mercury  column  which  was  attached  to  the  meter, 

from  that  the  amount  of  steam  which  should  pass  through 
that  orifice  with  that  difference  in  pressure  was  calculated  and 
found  to  check  with  the  calibration  of  the  instrument  as  furn¬ 
ished  by  the  maker.  It  was  not  checked  by  any  absolute 
measurement.  It  was  impossible  to  do  that  with  the  amount  of 
steam  we  had  to  use. 

Mr.  J.  C.  Hobbs  :  I  found  as  much  as  25  percent  difference 
in  calibration  valuation  in  a  constant  flow  and  reciprocating 
flow  in  meters  of  the  same  make. 

The  Author:  The  makers  of  these  instruments  have  furn¬ 
ished  two  constants,  one  applying  to  constant  flow  and  the  other 
applying  to  variable  flow.  The  two  constants  furnished  by 
them  I  have  also  checked  ;up  with  the  constants  as  given 
to  me  by  one  or  two  other  makers  of  meters  and  1  found  that 
it  is  possible  to  determine  them  within  a  few  percent  even  with 
variable  flow  if  you  take  the  amount  of  pressure  difference 
shown  by  the  fluctuating  load. 

Mr.  J.  C.  Hobbs:  I  can  agree  with  Mr.  Nibecker  on  the 
first  point.  When  I  purchased  the  first  Hallwachs  meter  of 
this  type  in  this  district,  the  makers  of  this  particular  meter 
j  furnished  me  with  two  sets  of  constants,  each  worked  out  to  be 
correct  (?)  within  one  part  in  ten  thousand.  These  two  sets 
only,  varied  by  twenty-five  percent.  After  a  long  study  of 
every  commercial  type  of  meter  which  is  available,  I  have  yet 
to  find  any  one  who  can  correctly  predict,  forecast  or  calculate 
the  constant  which  should  be  used  on  anything  except  a  con¬ 
stant  flow. 

Steam  Engineer,  Duquesne  Light  Company,  Pittsburgh. 
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The  correction  for  pressure  is  extremely  simple  and  is  very 
nearly  proportional  to  the  density  of  the  steam,  but  the  con¬ 
stant  for  use  on  a  reciprocating  flow  depends  upon  several 
variables;  the  most  important  of  which  is  the  shape  or  form 
of  the  flow  wave. 

This  is  probably  best  explained  by  referring  to  the  simple 
equation  V  =  \/~2gh ,  which  is  the  basis  of  practically  all  steam 
flow  meters  of  the  velocity  type. 

Adapting  this  to  steam  meter  work,  we  have  W  =  K  V  h 
where 

W  =  weight  flowing  in  unit  time 

h  =  pressure  difference  between  the  leading  and  trailing 
pressure  connections  and 

K  =  a  constant  which  varies  with  the  following  factors: 

(a)  Steam  density  (determined  by  pressure  and  tempera¬ 
ture) 

(b)  Diameter  of  the  orifice  in  the  throttle  disc. 

(c)  Ratio  of  the  diameters  of  the  pipe  to  the  throat  area 
of  the  throttle  disc  (b). 

(d)  Form  of  the  flow  wave. 

due  respect  to  the  units  involved  being  observed. 

When  the  flow  is  steady  it  is  simple,  but  when  the  flow 
is  variable  many  complications  arise. 

The  inertia  of  the  instrument  will  allow  the  mercury  column 
to  follow  only  those  changes  which  have  an  appreciable  time 
duration.  The  charts  show  the  flow  to  vary  through  the  var¬ 
ious  passes,  but  there  are  no  meters  which  can  show  the  var¬ 
iation  which  actually  takes  place  during  the  various  parts  of 
one  stroke.  This  is  essential  since  there  is  a  great  difference 
between  the  mean  average  of  the  square  root  of  the  instan¬ 
taneous  pressure  differences  and  the  square  root  of  the  mean 
average  of  the  pressure  differences.  When  these  are  calculated 
(most  easily  done  by  integral  calculus)  for  the  mathematical 
curves  which  approximate  the  actual  curves,  the  wide  varia¬ 
tion  is  confirmed. 

Due  to  the  receiver  passages  as  well  as  receivers  which  are 
installed  as  receivers  or  separators,  the  actual  variation  is  not 
as  great  as  the  calculated  results  would  indicate. 
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The  Author:  Mr.  Siebert,  what  can  you  tell  us  about 

that? 

Mr.  H.  C.  Siebert  :  The  amount  of  steam  required  by  such 
a  large  engine  precludes  any  method  of  direct  calibration  un¬ 
less  a  surface  condenser  is  available.  We  tried  to  calibrate  a 
disc  by  the  surface  condenser  method  on  a  small  twin  reversing 
engine,  8  inch  cylinder  diameter  by  10  inch  stroke,  running  up 
to  200  r.  p.  m.  The  cycle  of  service  of  this  engine  is  similar 
to  that  of  reversing  blooming  mills. 

Notwithstanding  that  the  surface  of  this  condenser  was 
very  liberal,  we  found  that  we  were  able  only  to  condense  a 
very  small  portion  of  the  total  steam  used.  This  method  of 
calibration  was  therefore  abandoned  and  we  made  a  jet  con¬ 
denser.  This  consisted  of  a  wooden  box  about  3  feet  wide,  4 
feet  high  and  7  feet  long,  provided  with  necessary  baffles,  water 
inlet,  outlet  and  overflow.  This  box  was  filled  with  cold  water 
to  about  12  in.  of  the  top  (to  the  overflow),  steam  permitted  to 
flow  in  until  water  became  heated  to  about  140  deg.  Fahr. 
when  steam  was  shut  off  and  the  water  above  overflow  (con¬ 
densed  steam)  drained  off  and  weighed.  Of  course,  steam  meter 
charts  were  taken  while  steam  was  exhausted  into  condenser. 
By  this  means  we  calibrated  different  sized  discs  under  var¬ 
iable  pulsating  flow  and  under  uniform  flow  of  steam.  The 
results  of  these  tests  showed  that  while  under  certain  con¬ 
ditions  of  service  the  constants  furnished  by  the  instrument 
makers  are  correct,  they  are  not  invariably  so,  as  in  some  cases 
the  meter  was  found  to  read  low  by  as  much  as  20  percent, 
and  high  by  as  much  as  25  percent.  The  former  figure  de¬ 
pending  upon  the  size  of  disc  used  for  a  given  flow,  i.  e.,  the 
deflection  of  the  mercury  column  in  the  manometer,  and  the 
latter  figure  depending  upon  the  number  of  pulsations  per  min¬ 
ute.  In  fact,  we  found  a  number  of  variables  that  influence  the 
accuracy  of  the  meter,  the  chart  of  which  cannot  be  properly 
interpreted  except  through  knowledge  of  these  variables. 

The  Author:  Replying  to  Mr.  Hobbs’  discussion,  I  would 
say  that  we  have  never  calibrated  this  meter,  as  the  quantities 
of  steam  handled  are  very  large.  The  difficulty,  as  well  as 
expense  of  making  such  a  calibration  under  any  conditions 
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approximating  those  on  which  the  apparatus  shows,  will  be 
readily  appreciated  by  any  one  who  has  undertaken  such  a 
task.  We  would  refer  to  the  discussion  by  Mr.  Siebert  for  such 
work  as  has  been  done  along  this  line. 

The  constants  used  by  him  for  the  meter  were  those  furn¬ 
ished  for  variable  flows,  which  when  properly  determined,  as 
explained  by  Mr.  Siebert  in  his  discussion,  can  be  checked  in  a 
miniature  apparatus.  We,  therefore,  believe  that  the  reading 
of  the  meter  was  reasonably  accurate. 


It  is  conceded  that  the  meter  may  be  in  error  20  percent, 
as  suggested  by  Mr.  Siebert,  if  the  proper  constants  are  not 
made  use  of,  as  suggested  by  him.  The  constants  depends  upon 
the  frequency  and  magnitude  of  pulsations  in  the  steam  line. 
An  entirely  different  constant  is  used  for  constant  flow  from  that 
which  is  used  for  intermittent  flow. 

By  referring  to  Fig.  29,  the  volume  of  the  receiver  space 
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between  the  disc  and  the  engine  cylinders  will  be  found  to  be 
sufficiently  great  to  effectually  reduce  the  magnitude  of  the 
pulsations. 

In  this  case  the  proper  constant  has  been  used,  depending 
upon  the  conditions  existing  for  the  work  being  done.  As  the 
conditions  mentioned  by  Mr.  Siebert  are  very  extreme,  they 
represent  the  maximum  possible  error  in  case  totally  improper 
constants  are  used.  If  the  disc  is  installed  with  a  reasonable 
degree  of  care  and  study  as  to  its  location,  the  constant  is 
determinably  well  within  practicable  limits. 

Mr.  A.  Stucki*:  Mr.  Kennedy  spoke  of  one  case  where 
a  horizontal  engine  was  counterbalanced  100  percent.  In  such 
a  case  it  is,  of  course,  quite  natural  that  no  vibration  in  a 
horizontal  direction  exists,  and  he  has  proven  it  in  a  very 
practical  way  by  supporting  the  engine  temporarily  on  rollers. 
I  would  like  to  ask  what  the  result  in  this  particular  case  was 
in  a  vertical  direction,  and  whether  the  vertical  blows  were  not 
annoying.  I  have  understood  that  the  best  results  in  over¬ 
coming  the  shocks  are  by  counterbalancing  part  of  the  re¬ 
ciprocating  parts.  What  is  the  common  practice  in  horizontal 
engines?  On  locomotives  we  counterbalance,  as  a  rule,  one- 
third  of  the  reciprocating  parts. 

Mr.  Julian  Kennedy  :  The  result  was,  of  course,  that  the 
entire  vibration  was  up  and  down,  but  it  was  on  good  strong 
i  columns.  They  would  take  any  vibration  up  and  down,  but  a 
very  little  vibration  horizontally  shakes  the  whole  thing.  It  is 
so  in  most  conditions  in  mill  engines  that  sit  on  piles.  They 
will  stand  an  enormous  amount  of  up  and  down  lack  of  balance 
without  affecting  anything,  but  unbalance  them  horizontally, 
and  you  know  how  it  was  in  New  Castle  in  the  Crawford  Hotel, 
when  the  blooming  mill  was  running,  you  could  see  the  dishes 
dance. 

I  might  also  add  that  Prof.  Trinks  spoke  about  the  short 
bearings.  Those  bearings  ought  to  have  been  made  a  little 
shorter  than  they  were,  20  in.  instead  of  -10  in.,  but  it  was 
thought  that  some  people  might  think  that  very  extreme,  and 
it  is  very  desirable  for  a  manufacturer  to  have  what  his  patrons 

Consulting  Engineer,  Oliver  Building,  Pittsburgh. 
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want  and  we  stretched  the  idea  just  a  little  on  them.  We  be¬ 
lieve  that  engine  would  be  better  with  bearings  26  in.  long 
than  with  30  in.  The  paper  speaks  of  large!  bearings  well 
lubricated.  The  bearings  are  only  half  as  large  as  the  ones 
originally  proposed. 

Mr.  W.  C.  Coryell*  :  I  have  not  time  in  which  to  pre¬ 
pare  a  discussion  but  I  would  like  to  submit  a  few  notes  later 
on  bearing  upon  the  method  of  plotting  foot  pounds  of  work 
and  upon  the  method  of  taking  care  of  the  fractional  stroke  at 
the  end  of  the  reversing.  I  noticed  in  the  address  it  was  as¬ 
sumed  that  the  reversal  occurred  at  quarter  stroke.  There  is 
a  very  easy  way  of  taking  care  of  the  exact  percentage  of 
stroke.  It  will  not  make  any  difference  in  the  total  result  but 
it  will  make  a  little  difference  in  the  shape  of  the  curve  and 
possibly  in  the  amount  o£  work  in  the  individual  passes.  It 
also  might  help  to  find  out  any  difficulties  there  might  be  in 
the  individual  passes.  Then  I  might  say  a  little  in  regard 
to  the  hyperbolic  formula.  I  thoroughly  believe  at  the  present 
time  that  is  a  good  basis,  and  lastly,  I  may  say  something  in 
regard  to  condensation. 

The  Author:  As  to  plotting  quarter  strokes  I  would  say 
that  the  reason  we  decided  to  stop  at  quarter  strokes  was  be¬ 
cause  the  divisions  on  our  cross  section  paper  were  such  that  it 
kept  the  points  on  the  lines  of  the  paper,  and  if  odd  percentages 
were  used  ,the  points  located  off  the  lines  of  the  paper  and 
everything  beyond  that  plotted  off  the  lines.  If  the  paper  were 
ruled  as  the  curve  was  plotted  it  would  be  possible  to  plot  it  in 
any  percent.  We  decided  that  J4  stroke  was  close  enough. 

Mr.  W.  C.  Coryell:  The  way  we  take  care  of  that  is  that 
each  pass  is  complete  within  itself.  It  starts  with  the  con¬ 
dition  of  the  engine  at  rest  and  goes  to  the  condition  of  being 
at  rest  again.  Then  each  pass  may  be  plotted  as  a  simple  curve, 
leaving  a  slight  gap  between  the  individual  passes.  But  it  is 
too  technical  to  describe  off  hand  how  it  is  taken  care  of. 

Mr.  L.  IversenI:  Prof.  Trinks  spoke  of  “British  Con¬ 
servatism”  of  the  master  mechanics  of  this  country  and  stated 

•Engineer,  Youngstown,  Ohio. 

•j-Chief  Engineer,  Mesta  Machine  Company,  Pittsburgh. 
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I  that  Mr.  Kennedy  had  been  instrumental  in  overcoming  some 
of  it.  I  wish  to  add  a  few  interesting  facts  to  his  statement. 
In  making  proposals  for  engines  of  this  type,  we  often  start  out 
with  journals  larger  in  diameter  and  of  considerably  greater 
length  than  we  consider  correct.  In  trying  to  make  the  sale, 
our  engineer  is  told  that  one  competitor  has  bid  on,  say,  3  inch 
larger  bearings  and  another  one  on  4  inch  larger  bearings  and 
that  consequently  their  engines  are  more  liberally  proportioned. 
No  attention  is  paid  to  the  question  whether  these  larger  sizes 
are  required  or  not.  In  order  to  not  look  stingy  or  cheap  and 
in  order  to  make  the  sale,  we  have,  in  the  past,  been  compelled 
to  come  up  to  the  other  men’s  sizes,  because  we  found  that 
reasoning  at  such  time  does  very  little  good.  Knowing  this 
sad,  but  true  condition  we  turn  in  proposals  which  we  know  are 
out  of  proportion. 

Just  as  soon  as  engineers  will  quit  tabulating  pin  and 
journal  sizes  and  judging  an  engine  by  these  sizes  regardless 
of  actual  requirements,  the  more  thoughtful  among  the  engine 
builders  will  redesign  their  engines  and  will  introduce  better 
proportions. 

Engineers  should  be  thankful  to  Mr.  Kennedy  for  taking 
up  the  bearing  question  in  this  case  and  for  sanctioning  sizes 
which  fit  the  requirements. 

The  Author:  We  believe  that  the  question  of  bearing 
design  is  probably  largely  responsible  for  the  small  amount  of 
power  consumed  in  friction.  This  feature,  coupled  with  ma¬ 
chined  pinions  and  proper  mill  couplings,  doubtless  produces 
these  results. 

We  quite  agree  with  Mr.  Iversen  that  the  engineering  pro¬ 
fession  should  feel  grateful  to  Mr.  Kennedy  for  the  important 
step  which  he  has  taken  in  proving  that  an  engine  for  this  class 
of  work  can  be  built  with  bearing  so  designed  as  to  greatly  re¬ 
duce  the  amount  of  power  which  had  formerly  been  wasted  in 
overcoming  friction,  and  at  the  same  time  obtain  sufficient 
strength. 

The  writer  quite  agrees  with  the  several  members  who  have 
proposed  the  adoption  of  a  standard  method  of  recording  re¬ 
sults  of  blooming  mill  tests.  It  would  certainly  be  a  great 
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aid  to  this  end  if  this  matter  could  be  taken  up  by  a  suitable 
comjmittee  which  could  standardize  the  testing  of  all  rolling 
mill  engines. 

We  sincerely  trust  that  there  may  be  published  the  results 
of  other  tests  of  blooming  mills  with  which  the  results  of  this 
test  may  be  compared.  The  value  of  this  work  depends  upon 
the  amount  of  information  which  is  made  available  by  numerous 
published  tests. 


Fig.  30.  Steam  Consumption  per  Unit  of  Elongation  for  various 

sizes  of  ingots. 

The  real  measure  of  the  operation  of  the  mill  described 
in  this  test  is  in  the  total  steam  used  and  tonnage  rolled  in 
regular  operation.  Figure  30  exhibits  a  steam  consumption  pei 
long  ton  of  metal  rolled  for  various  sizes.  The  maximum  ton¬ 
nage  rolled  on  this  mill  in  24  hours  was  2441  tons  On  this  run, 
761  ingots  were  rolled,  having  an  average  weight  of  3.2  tons. 
The  best  steam  consumption  per  ton  of  steel  rolled  for  24  hours 
is  381  lb.  per  ton.  During  one  month  this  mill  has  used  473  lb. 
of  steam  per  ton  of  steel  rolled.  These  values  represent  read¬ 
ings  taken  from  integrating  steam  meter  and  show  the  efficiency 
of  the  mill  under  normal  operating  conditions  for  various 

lengths  of  time-. 
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CORRESPONDENCE 

Mr.  J.  A.  Knesciie:*  In  reading  over  this  very  excellent 
paper  the  question  has  occurred  to  me  why  the  “spread”  of  the 
steel  is  figured,  since  the  height  of  the  steel  is  known  from  the 
roll-gauge  (which  was  calibrated  when  the  test  was  over)  and 
furthermore  since  a  suitable  method  seems  to  have  been  in  use 
during  the  tests  for  determining  the  length  of-  the  steel.  The 
computed  “spread,”  while,  of  course,  a  matter  of  much  interest, 
appears  to  be  superfluous  in  this  case.  It  seems  to  me  that  since 
the  area  of  the  steel  after  each  pass  is  of  so  much  importance, 
the  determination  of  the  average  width  in  each  pass  would  be 
more  accurate  if  the  weight  and  length  of  the  steel  and  the 
height  in  the  pass  were  used  in  determining  the  width.  This 
would  eliminate  the  perhaps  somewhat  uncertain  computation 
of  the  “spread.” 

The  steam  consumption  of  this  engine  certainly  seems  most 
remarkable,  especially  when  it  is  remembered  that  under  light 
loads  the  engine  is  partially  controlled  by  throttling  the  steam. 
I  agree  with  the  author  of  the  paper  that  this  exceedingly  eco¬ 
nomical  steam  consumption  is  brought  about  by  the  one-lever 
control.  It  is  not  stated  when  the  engine  was  built,  but  I  pre¬ 
sume  it  is  practically  new  and  in  an  ideal  state  as  regards 
repair.  Judging  from  the  size  of  the  cylinders  and  the  given 
weights  of  the  ingots  rolled,  the  engine  is  very  liberally  propor¬ 
tioned  for  the  work  it  has  to  do.  As  a  consequence  its  average 
operating  revolutions  and  piston  speeds  are  probably  relatively 
low.  I  believe  the  author  speaks  of  the  large  percentage  of 
power  required  for  acceleration  and  retardation.  Would  not 
this  percentage  be  considerably  reduced  if  the  engine  were  given 
more  work  to  do?  In  other  words,  if  the  engine  drove  a  heavier 
mill,  which,  judging  from  its  size,  it  should  be  abundantly  able 
to  do.  The  question  of  repair  and  up -keep  and  the  consequent 
loss  of  tonnage  are  big  features  in  all  rolling  mills  and  the  en¬ 
deavor  of  all  engineers  is  constantly  in  the  direction  of  avoiding 

*Steam  Engineer,  Riverside  Works,  National  Tube  Company,  Wheeling,  W.  Va. 
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the  latter.  If  lightening  any  of  the  moving  parts  were  to  bring 
about  a  reduced  steam  consumption,  the  value  of  this  reduced 
steam  consumption  would  probably  be  small  when  compared 
with  the  value  of  the  time  and  tonnage  lost  during  possibly  more 
frequent  repairs.  The  up-keep  and  the  loss  of  time  from  break¬ 
down  in  blooming  mill  reversing  engines  under  high  speeds  are 
usually  abnormally  large.  In  one  blooming  mill  reversing 
engine  of  which  I  know,  the  piston  speed  is  sometimes  between 
1200  and  1300  ft.  per  min.  and  breakdowns  frequently  occur. 

In  computing  the  steam  from  the  indicator  cards,  Mr. 
Nibecker  states  that  at  first  an  allowance  of  30  percent  was  made 
to  cover  the  condensation  and  leakage  losses.  In  Vol.  36,  No.  20  of 
Power  tables  and  formulae  are  given  for  the  computation  of  the 
approximate  steam  consumption.  The  formulae  employ  empir¬ 
ical  constants,  while  the  several  tables  for  the  different  types 
of  engines  show  the  steam  accounted  for  by  the  indicator  cards 
with  different  cut-offs  and  with  various  pressures.  These  same 
tables  and  formulae  are  also  given  in  the  metric  system  in  the 
Engineers’  handbook  Euette  (German). 

The  point  which  I  am  trying  to  make  is  this;  since  the 
steam  consumption,  computed  by  the  method  given  in  the  volume 
of  Power  referred  to  above,  agrees  in  the  main  with  the  results 
of  tests  made  by  noted  experimenters  and  engineers  (for  the 
types  of  engines  in  question)  and  further,  since  there  can  be  no 
dispute  about  the  theoretical  dry  steam,  as  shown  by  the  indi¬ 
cator  cards,  it  would  seem  to  follow  that  the  condensation  losses 
as  obtained  by  the  method  set  forth  in  Power  must  be  reason¬ 
ably  correct. 

Further,  Mr.  Nibecker ’s  condensation  losses  (the  30  per¬ 
cent)  seem  to  be  in  accord  with  what  Dr.  Thurston  says  on  this 
subject.  On  p.  501,  Part  1,  in  his  “A  Manual  of  the  Steam 
Engine he  states  that  through  painstaking  experiments  on  a 
simple  18  x  42  Corliss  engine  he  found  the  following : 

Cut-off  58.9%;  cylinder  condensation  22.73%  of  total  steam  fur¬ 
nished  to  engine. 

Cut-off  44.3%;  cylinder  condensation  27.08%  of  total  steam  fur¬ 
nished  to  engine. 

Cut-off  33.0%;  cylinder  condensation  33.87%  of  total  steam  fur¬ 
nished  to  engine. 
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Cut-off  13.1%;  cylinder  condensation  50.07%  of  total  steam  fur¬ 
nished  to  engine. 

For  description  of  these  tests  see  the  work  referred  to. 

In  a  foot  note  on  p.  596  of  the  same  work  by  Dr.  Thurston, 
reference  is  made  to  the  Augsburg  triple  expansion  engine  test 
by  Prof.  Schroeter  where  the  total  cylinder  condensation  seems 
to  have  ranged  from  16  to  20  percent. 

In  view  of  the  preceding  facts  and  without  referring,  for 
the  present,  to  Mr.  Nibecker’s  figures,  it  would  seem  that  the 
cylinder  condensation  of  the  Youngstown  engine  in  question 
should  range  itself  somewhere  between  the  tests  of  Dr.  Thurston 
and  Prof.  Schroeter.  Furthermore,  nothing  seems  to  have  been 
said  of  the  quality  of  steam  used  by  the  engine  in  question.  It 
is  well  known  and  is  also  stated  in  Huette  and  on  p.  706  in  the 
volume  of  Power  referred  to  above,  that  with  a  cut-off  of  from 
40  to  25  percent  in  the  high  pressure  cylinder  and  a  superheat 
of  from  175  to  250  deg.  Fahr.,  the  cylinder  condensation  may 
be  prevented  entirely. 

The  paper  further  states  that  the  computed  average  value 
of  the  steam  consumed  per  i.  h.  p.  hour  is  about  21  lb.  This  is 
a  very  small  figure  when  the  very  fluctuating  demand  for  power 
and  the  very  irregular  speed  of  an  engine  of  this  type  are  con¬ 
sidered. 

In  this  connection,  I  think  it  would  be  interesting  to  know 
what  proportion  the  actual  average  load  on  the  engine  bears  to 
the  full  load  during  the  rolling  of  the  ingot  in  question.  I  think 
it  would  be  proper  to  consider  the  full  load  that  load  at  which 
the  most  economical  steam  consumption  is  obtained  and  from 
the  size  of  the  engine  given,  it  would  appear  this  most  econom¬ 
ical  load  would  be  reached  when  the  engine  is  developing  say 
about  6000  i.  h.  p.  at  an  approximate  speed  of  from  60  to  65 
r.  p.  m.  If  we  know  what  horsepower  the  engine  developed  when 
the  average  value  of  the  steam  consumed  was  about  21  lb.  per 
i.  h.  p.,  as  stated  in  Mr.  Nibecker’s  paper,  we  could  make  inter¬ 
esting  comparisons  between  the  given  values  for  the  steam  con¬ 
sumption  and  the  general  form  of  steam  consumption  curves,  as 
given  in  the  work  of  Dr.  Thurston  on  p.  835. 
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Hr.  Nibecker  also  found  an  average  steam  consumption  of 
18  lb.  per  i.  h.  p.  hour  as  obtained  with  the  Hallwachs  steam 
meter.  This  approaches  very  closely  the  ordinary  compound 
condensing  Corliss  engine  steam  consumption  at  a  100  percent 
load  operating  continuously.  The  above  steam  meter  figure  is 
presumably  for  dry  steam  also;  if  for  instance  the  steam  had 
keen  superheated  (having  a  quality  of  say  110)  the  steam  con¬ 
sumption  expressed  in  dry  steam  would  really  become  19.8  lb. 
per  i.  li.  p.  hour. 

It  happens  to  be  a  part  of  my  duties  to  see  that  several 
steam  meters  record  the  flow  of  steam  correctly  and  I  know 
from  experience  that  they  will  not  do  so  under  all  conditions. 
If  we  had  a  sketch  with  dimensions  showing  the  location  of  the 
throttling  disk  of  the  Hallwachs  steam  meter  in  the  steam  line, 
the  location  of  the  engine,  etc.,  we  would  be  able  to  say  with 
more  certainty  to  what  extent  the  indications  of  the  steam  meter 
could  be  relied  upon  as  being  strictly  accurate.  I  suppose,  owing 
to  the  large  amount  of  steam  used,  it  was  not  possible  to  calibrate 
the  steam  meter  in  place  under  working  conditions. 

In  Germany  in  1909,  two  types  of  steam  meters  were  tested, 
one  a  Bayer  and  the  other  a  Gehre  meter,  the  latter  belonging 
to  the  velocity  type  meter,  to  which  type  the  Hallwachs  meter 
also  belongs.  These  tests  are  described  in  detail  in  the  Zeitschrift 
De$  Vereins  Deutsche r  Ingenieure  p.p.  257  to  259,  Feb.  1910 
and  are  also  quoted  at  considerable  length  in  the  Engineering 
Magazine  for  January  1913.  Two  boilers  were  set  aside  for 
these  tests,  the  feed  water  being  carefully  measured  and  all 
thermometers  calibrated.  Facilities  existed  for  reading  the 
water  glass  to  within  0.039  in.  and  some  of  the  tests  lasted  for 
nine  hours.  The  entire  series  were  divided  into  three  groups. 
For  the  sake  of  brevity  the  figures  following  refer  only  to  the 
velocity  type  meter. 

In  one  group  of  tests  the  steam  was  permitted  to  escape  in 
a  steady  stream  into  the  atmosphere  and  the  errors  in  the  differ¬ 
ent  runs  ranged  from  —  2.1  percent  to  4-  1.2  percent.  In 
another  group  of  tests  the  steam  was  taken  by  a  compound 
engine  developing  about  300  h.  p.  at  76  r.  p.  m.  with  a  cut-off  in 
the  high  pressure  cylinder  of  approximately  40  percent.  It 
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was  found  that  in  the  runs  for  this  group  of  tests  the  errors 
were  from  0  to  5  percent.  In  still  another  group  of  tests  the 
steam  was  permitted  to  escape  under  violent  lluctuations  into 
the  atmosphere.  These  fluctuations  were  obtained  by  placing 
a  specially  constructed  valve,  in  a  manner  similar  to  an  ordinary 
two-way  cock,  in  the  steam  line.  The  revolving  part  of  the 
cock,  fitted  with  a  stem  and  pulley,  was  driven  at  speeds  ranging 
from  40.5  to  157  r.  p.  m.  the  steam  meters  being  about  65  ft. 
away  from  this  device  causing  the  fluctuations.  The  errors  in 
this  group  of  tests  ranged  from  +  15.0  to  +  25.0  percent,  in 
view  of  the  above  tests  it  seems  to  me  that  there  niav  be  a  pos¬ 
sibility  that  Mr.  Nibecker’s  steam  meter  readings  can  not  be 
accepted  as  final  at  the  present  time,  unless  special  precautions 
were  taken  at  the  time  of  the  test  to  make  the  steam  meter  read¬ 
ings  accurate. 

My  own  opinion  is  that  the  steam  consumption  as  given  is 
too  low  for  the  type  of  engine  and  for  the  conditions  under 
which  it  must  necessarily  operate.  In  a  letter  which  I  sent  to 
the  Secretary  of  the  Society  to  be  read  at  the  time  Mr.  Nibecker’s 
paper  was  presented,  I  stated  among  other  things  that  I  agreed 
with  the  author  that — “this  exceedingly  economical  steam  con¬ 
sumption  is  brought  about  by  the  one-lever-control."  This 
statement  was  intended  to  convey  my  opinion  that  the  one-lever- 
control  (in  connection,  of  course,  with  other  steam  economy 
producing  factors)  would  give  the  lowest  steam  consumption. 
At  this  writing,  I  have  nothing  at  my  disposal  from  which  I 
could  determine  the  average  load  on  the  engine  during  the 
entire  rolling  cycle  of  the  ingot  on  which  the  test  was  made,  but 
it  would,  perhaps,  not  be  over  3000  h.  p.  and  probably  not  that 
much.  If  my  estimate  of  6000  h.  p.,  as  given  before  for  the  full 
load  of  the  engine,  is  approximately  correct,  then  27  lbs.  of  steam 
per  i.  h.  p.  hour  on  a  50  percent  load  would  still  be  exceedingly 
economical  for  this  type  of  engine  if  we  care  to  accept  as  a 
guide,  curves  No.  5  and  No.  6  on  p.  835  of  the  work  by  Dr. 
Thurston  to  which  I  have  previously  referred  in  this  discussion. 
The  average  steam  consumption  for  five  ingots  which  Puppe 
found  in  his  blooming  mill  engine  tests  on  a  43*4  and  61  by  51 
twin  tandem  condensing  reversing  engine  seems  to  have  been 
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33.8  lb.  per  i.  h.  p.  hour,  while  his  computed  steam  consumption 
was  about  6.65  percent  less  than  the  above  amount.  This  engine 
was  practically  new  at  the  time  he  made  his  tests. 

An  extensive  test  of  the  kind  presented  to  the  Society  in 
Mr.  Nibecker’s  paper  is  always  made  with  considerable  difficulty 
in  the  mill  where  the  operating  personnel  is  usually  jealously 
watching  the  loss  of  every  second  of  time  and  where  those  in 
charge  of  the  operating  end  of  the  mill,  either  through  ignorance, 
indifference  or  for  other  reasons,  may  fail  to  be  in  full  sympathy 
with  the  work.  Under  such  difficulties,  which  are  perhaps 
always  present  to  a  certain  extent  in  every  mill,  the  planning 
of  a  test  of  this  kind,  the  training  of  the  observers  and  the 
painstaking  care  required  for  working  up  the  mass  of  data,  all 
reflect  great  credit  on  those  responsible  for  the  test.  For  all  of 
these  reasons,  I  desire  to  congratulate  Mr.  Nibecker  on  his  ex¬ 
cellent  paper,  of  which  type  many  more  should  be  presented  to 
this  Society. 

The  Author:  In  regard  to  the  remarks  of  Mr.  Knesche 
concerning  the  calculation  of  the  spreads,  we  would  say  that  as 
it  was  desired  in  this  test  to  obtain  data  representing  the  average 
operation  of  the  mill,  it  was  impossible  to  make  accurate  meas¬ 
urements  of  the  length  of  the  bloom  after  each  pass.  The  lengths 
were  estimated  by  two  observers  sighting  from  each  end  of 
the  bloom  to  a  scale  placed  on  the  mill  guides.  In  nearly  every 
case  the  bloom  length  was  estimated  while  in  motion  and  the 
results  could  only  be  used  as  a  rough  check  on  the  length  as  cal¬ 
culated  from  the  thickness  and  spread  determined  by  the  data 
taken  during  the  pass. 

Figure  29  shows  the  piping  as  connected  to  the  engine.  As 
the  volume  between  the  steam  meter  disc  and  the  cylinder  is 
approximately  8%  times  the  volume  of  one  high  pressure  cyl¬ 
inder,  the  fluctuations  in  the  flow  should  not  be  sufficient  to 
effect  the  accuracy  of  the  steam  meter. 

Mr.  W.  C.  Coryell:  It  is  intended  in  this  discussion  to 
show  : 

First :  The  leading  paper  is  correct  with  regard  to  the  work 
required  to  roll  steel; 

Engineer,  Youngstown,  Ohio. 
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Second:  That  the  cut  pinions  and  spindles  used  in  this 
mill  save  18  percent  of  the  power;  and 

Third:  That  the  steam  consumption  as  shown  by  the  indi¬ 
cator  card  is  575  pounds  per  gross  ton  of  steel  rolled. 

On  the  29th  of  last  November,  The  Youngstown  Sheet  and 
Tube  Company  gave  me  the  privilege  of  taking  part  in  the  tests 
which  they  were  making  on  their  large  blooming  mill  engine. 
They  also  gave  me  a  set  of  the  cards,  five  of  which  were  of  the 
open  diagram  type,  three  of  the  closed  diagram  type,  all  being 
in  perfect  condition.  The  following  data  are  derived  from  this 
set  of  cards. 


Perrccr*  r  Or  Sr  voire  V?  Lert»*4 


In  working  up  and  plotting  the  M.  E.  P.  curve  each  pass  is 
treated  separately.  This  permits  adhering  to  the  exact  fraction 
of  the  stroke  which  is  made  at  the  reversal.  This  fractional 
stroke  is  important  for  the  reason  that  a  high  steam  pressure 
exists,  due  to  plugging,  in  four  of  the  eight  cylinders  at  the 
instant  of  reversal.  Also,  when  the  passes  are  plotted  separately, 
the  sheets  can  be  more  readily  filed  or  bound  into  books. 

Then,  in  plotting,  it  was  found  to  be  best  to  use  the  rec¬ 
tangular  method.  It  must  not  be  forgotten  that  we  are  dealing 
with  artificial  units  (M.  E.  P. ’s)  and  not  with  real  pressures. 
Due  to  the  fractional  strokes  at  reversals  the  horizontal  spacings 
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on  the  curves  are  not  uniform,  hence  a  small  error  in  the  form 
of  a  triangle  occurs  when  the  point  to  point  method  is  used. 

In  working  up  closed  diagrams,  it  is  sometimes  difficult  to 
determine  the  point  of  reversal  on  all  the  cards,  especially  when 
it  is  not  a  plugging  card.  Figure  31  shows  a  curve  from  which 
the  piston  position  can  be  determined  if  one  of  the  other  piston 
positions  is  known. 


ARROWS  AT  THE  LEJ-T 

indicate:  direction 
BEPORE  reversal; 
THOSE  AT  THE  RIGHT 
THE  DIRECTION  ATTER 
REVERSAL. 


a — cp- 


NUMBERS  IN  CIR¬ 
CLES  INDICATE  the 
PASS  QEIH<;  ROLLED. 

THE  LETTERS  INDI¬ 
CATE  THE  REVERSAL. 


Fig.  32.  Position  of  Pistons  at  Time  of  Reversals. 


It  should  be  observed  that  the  reversal  points  are  nearly 
always  so  located  that  the  pistons  of  one  side  or  the  other  nearly 
complete  full  stroke.  If  enough  inertia  exists  to  carry  the 
crank  pin  past  dead  center,  then  the  re-expansion  of  the  com¬ 
pressed  steam  in  two  of  the  cylinders  drives  the  engine  ahead, 
until  the  other  side  of  the  engine  approaches  its  dead  center. 
That  this  tendency  exists  can  easily  be  seen  by  the  diagrams  in 

Fig.  32.  I 

No  serious  delays  or  difficulties  occurred  in  rolling  this 
ingot,  so  the  data  derived  from  the  one  set  of  cards  may  be  con¬ 
sidered  a  reasonable  average.  The  M.  E.  P.  curve  is  shown  in 
Figs.  33  to  46.  To  show  how  well  the  engine  is  balanced  the 
M.  E.  P.  for  the  left  side  is  shown  in  a  light  full  line,  that  of  the 
right  in  a  light  dotted  line  and  the  total  in  a  heavy  full  line. 
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During  the  test  magnetically  operated  pencils  were  mounted 
upon  the  indicators  for  the  purpose  of  recording  the  reversals, 
the  position  of  the  links,  the  throttle  and  the  entering  and  leav¬ 
ing  of  the  piece.  But  the  records  are  not  always  consistent  with 
the  M.  E.  P.  curve  and  since  none  of  these  events  are  essential 
to  a  report  on  work  or  steam  consumption  they  are  omitted. 


Friction  M.  E.  P.  is  assumed  to  be  constant.  The  increase 
in  friction  during  the  rolling  of  the  piece  is  ordinarily  figured 
as  a  part  of  rolling.  The  work  as  calculated  from  the  M.  E.  P. 
curve  is  shown  in  Table  11.  The  column  for  total  positive  work 
includes : 
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Table  No.  11.  Distribution  of  W/ork  as  shown  by  M.  E.  P.  €urve. 


Pass 

No. 

Total 

Positive 

Work 

Ft.  Lbs. 

Total 

Negative 

Work 

Ft.  Lbs. 

Rolling  & 
Friction 
Work 

Ft.  Lbs. 

Friction 

Work 

Ft.  Lbs. 

Net 

Rolling 

Work 

Ft.  Lbs. 

1 

2 

Edge  3 

4 

5 

6 

Edge  7 

8 

Edge  9 

10 

Edge  11 

12 

Edge  13 

14 

Edge  15 
Total 

— 

3,680,000 

4,109,900 

4,330,000 

4,160,000 

3,160,000 

6,300,000 

7,230,000 

7,800,000 

9,630,000 

7,400,000 

10,070,000 

9,840,000 

10,500,000 

12,530,000 

9,670,000 

110,409,900 

1.824.500 
3,000,000 
2,092,900 

483.600 

1,131,000 

3,092,000 

2.322.300 

3.447.300 
2,780,100 

1.330.400 

2.803.900 

3.111.500 

1.898.400 
5,472,000 

1.796.900 
36,586,800 

1.855.500 

1.109.900 

2.237.100 

3.676.400 
2,029,000 
3,208,200 

4.907.700 

4.352.700 

6.849.900 
6,069,600 

7.266.100 

6.728.500 

8.601.400 
7,058,000 
7,873,100 

73,823,100 

640,000 

892,000 

640,000 

510,000 

437,000 

1,100,000 

807,000 

1,000,000 

1,040,000 

780,000 

1,035,000 

1,260,000 

1,140,000 

2,035,000 

1,892,000 

15,208,000 

1.215.500 
217,900 

1.597.100 

3.166.400 
1,592,000 
2,108,200 

4.100.700 

3.352.700 
5,809,900 
5,289,600 

6.231.100 

5.468.500 

7.461.400 
5,023,000 

5.981.100 
58,615,100 

,  (  15,208,000  ft.  lbs.  =  13.8%  Friction 

110,409,900  ft.  lbs.  =  100%  J  36  egg  800  ft.  lbs.  =  33.3%  Negative  Work 

=  T°tal  1  58,615,100  ft.  lbs.  =  52.9%  Rolling 


(a)  The  inertia  put  into  the  engine  and  mill. 

(b)  The  work  of  friction  from  starting  to  stopping,  and 

(c)  The  work  of  rolling  the  piece. 

The  coefficients  for  the  individual  passes  are  not  given,  be¬ 
cause  no  precise  measurements  were  taken  to  determine  the  exact 
size  and  shape  of  the  pass.  However,  the  coefficient  for  the  mill 
is  easily  calculated  as  follows : 


Average  size  of  ingot,  inches . 

Sectional  area  of  ingot,  sq.  inches  (A ) . 

. 18.5  X  20.5 

. 380.0 

. 4.75 

l^eiigin  ox  ingot,  xlll  j  ••••••■•• 

. 2.56 

\\  OX  lll^Olj  glUob  tuii.j  . *  *  • 

Size  of  finished  piece,  inches . 

Sectional  area  of  finished  piece,  sq.  in.  (.1).... 

.  . .  .4.875  X 

. 35.4 

. 51.0 

Den  gin  ox  nnisneu  pifct:,  . . 

Approximate  time  of  rolling,  seconds . 

(before  mill  A) 

Ratio  of  sectional  areas  . 

(after  mill  a) 

Hyperbolic  logarithm  of  (A  -%  a) . 

Net  work  to  roll  ingot,  foot  pounds . 

Foot  pounds 

^Coefficient,  C  —  ,  T  t _ _  a  . 

. 90.0 

. 10.75 

. 2.375 

. 58  615  000 

. 13  700 

a 


This  is  a  low  coefficient  and  there  is  an  unusual  condition 
which  accounts  for  it.  In  a  large  three-high  mill,  tested  by  the 

*See  Proceedings  Engs.  Soc.  West.  Pa.,  1913,  vol.  29,  p.  533. 
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Fig.  39.  M.  E.  P.  Curve,  Pass  No.  8.  Fig.  38.  M.  E.  P.  Curve,  Pass  No. 


(Curve,  Pass  No.  10.  Fig.  40.  M.  E.  P.  Curve,  Pass  No. 
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writer,  a  19  in.  by  21  in.  ingot  of  2.68  gross  tons  weight  was  re¬ 
duced  in  nine  passes  to  a  bloom  7.75  in.  by  7.875  in.  The  time 
required  was  about  45  seconds.  Now  this  mill  had  several  ad¬ 
vantages;  the  reduction  was  less;  the  rolling  was  faster;  con¬ 
sequently  the  average  temperature  was  higher;  the  engine  is 
non-reversing  and  has  Corliss  valves  instead  of  piston  valves. 
Its  coefficient  wras  14  200. 


Fig.  42.  M.  E.  P.  Curve,  Pass  No.  11 

If  we  leave  off  the  last  three  passes  in  the  test  of  the  two- 
high  mill,  wre  have  a  somewhat  comparable  condition,  except  the 
engine  of  the  three-high  mill  still  has  the  advantage  and,  there¬ 
fore,  should  be  the  lower  of  the  two. 
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Size  of  12th  pass,  inches . 7.5  X  8.125 

Sectional  area  of  12th  pass,  sq.  in.  (a) . 61.0 

(before  mill  A) 

Ratio  of  sectional  areas  - rrj — . 

(after  mill  a) 

Hyperbolic  logarithm  (A  a) . 1.824 

Net  work  to  roll  piece,  foot  pounds . 39  950  000 

Coefficient,  C . .  12  000 


Now  in  the  three-high  mill  there  were  rough  cast  pinions 
and  spindles,  and  in  the  two-high  there  were  machined  pinions 
and  spindles.  No  direct  tests  have  been  run  to  show  the  in¬ 
creased  efficiencies  due  to  machining  of  these  parts,  but  we  can 
approximate  for  these  efficiencies  by  assuming  what  efficiencies 
will  satisfy  the  decrease  in  the  coefficient,  as  follows : 
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For  convenience,  taking  the 
having  the  friction,  En  and  the 
the  friction,  Ec,  we  have 

Er  14200 
Ec  =  12000  = 

According  to  Dr.  Puppe’s  tests  ( Stahl  und  Eisen,  April 
and  May,  1911)  we  should  expect  even  a  greater  ratio. 

Or,  not  using  the  coefficient,  the  ratios  of  net  work,  foot 
pounds  per  ton  of  steel  rolled,  is 

Wr  17  900  000 

Wc  15  400  000  _  ‘  * 

It  would  be  difficult  to  say  how  much  greater  than  18 
percent  the  cut  pinions  and  spindles  would  show  were  it  not  for 
the  fact  that  at  present  they  have  to  be  charged  for  the  ad- 


rough  pinions  and  spindles  as 
cut  pinions  and  spindles  with 


Fig.  44 


M.  E.  P.  Curve,  Pass  No.  13 
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vantage  that  their  engine  had  in  Corliss  valves  and  continuous 
running  and  a  large  fly  wheel. 

In  measuring  the  steam  consumption  from  the  indicator 
cards,  it  was  first  thought  that  only  the  steam  of  the  working 
cards  should  be  charged  against  the  engine.  Such  a  measure¬ 
ment,  taken  just  before  release  on  the  low  pressure  cards  in  the 
usual  way,  showed  333  pounds  of  dry  steam  per  gross  ton  of 
steel  rolled. 

It  appeared  therefore  that  there  should  be  a  steam  charge 
for  plugging.  In  order  to  better  understand  the  cards,  two 
combined  cards  were  made,  one  representing  all  the  working 
and  one  all  the  plugging  cards.  The  former  shown  in  Fig.  47 
is  a  typical  compound  engine  card,  the  latter  shown  in  Fig.  48  is 
a  form  of  card  resembling  somewhat  that  of  a  compound  com¬ 
pressor. 

The  number  of  revolutions  for  each  combined  card  was 
found  by  taking  half  the  total  strokes  of  the  positive  areas  and 
negative  areas  respectively  of  the  M.  E.  P.  curve.  A  tiny  circle 


Fig.  45.  M.  E.  P.  Curve,  Pass  No.  14 
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is  shown  on  the  zero  line  of  the  M.  E.  P.  curve  to  show  the  point 
of  division  between  the  working  strokes  and  the  plugging 
strokes. 

The  combined  cards  were  tested  against  the  M.  E.  P.  curve 
for  work  as  follows : 


Working  Card 

Area  of  H.  P.  card,  square  inches . 5.015 

Area  of  L.  P.  card,  square  inches . 4.215 

Total  area  of  both  cards,  square  inches . 9.230 

Calculated  M.  E.  P.  pounds  per  sq.  in.. . 36.92 

Work  per  revolution  (whole  engine)  ft.  lb . 1597  000 

Number  of  strokes . 69.5 

Total  positive  work,  foot  pounds . 111000  000 
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Plugging  Card 

Area  of  H.  P.  card,  square  inches . 3.07 

Area  of  L.  P.  card,  square  inches . 1.42 

Total  area  of  both  cards,  square  inches . 4.49 

Calculated  M.  E.  P.,  pounds  per  sq.  in . 17.84 

Work  per  revolution  (whole  engine)  ft.  lb . 774  000 

Number  of  strokes  . 45.5 

Total  negative  work,  ft.  lb . 35  200.000 


Therefore,  the  combined  work  of  rolling  and  the  work  of 
friction  is  75  800  000  foot  pounds.  The  difference  between  this 
value  and  the  value  obtained  from  the  M.  E.  P.  curve  is  about 
2  percent. 


On  the  combined  cards  at  several  points  are  shown  in  dots 
the  lines  for  P  V  =  K.  In  the  working  card  the  low  pressure 
card  shows  a  loss.  This  loss  may  be  due  to  three  things:  First, 
some  steam  used  in  the  high  pressure  card  for  working  is  used 
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by  the  low  pressure  cylinder  expansively  during  plugging;  sec¬ 
ond,  some  steam  is  condensed  in  the  receiver  during  the  plugging 
period;  and  third,  the  high  pressure  cylinder  withdraws  some 
steam  from  the  receiver  during  plugging. 

Because  of  these  losses  it  is  better  to  measure  the  steam 
from  the  high  pressure  card.  The  steam  to  be  charged  is  meas¬ 


ured  as  follows: 

Dry  Steam.  Pounds 

A.  Just  before  release  in  high  pressure  cylinder  allowing 

for  clearance  . 1060 

B.  Clearance  volume  of  high  pressure  cylinder  for  plug¬ 
ging  stroke  .  28 

C.  Steam  used  in  plugging,  437  lb.,  not  charged  (measur¬ 
ed  on  h.  p.  card) 

Condensation : 

D.  Condensation  from  A  @2 5% .  267 

E.  Condensation  from  B  @  25% .  7 

F.  Condensation  from  C  @  25% . 109 

Total  dry  steam  per  ingot  is . 1088 

Total  condensation  per  ingot  is .  383 

Total  steam  charged  per  ingot  is . 1471 

Total  steam  charged  per  gross  ton  of  steel .  575 


We  can  arrive  at  the  same  figure  in  a  somewhat  different 


way: 

Number  of  working  revolutions  69.5  2  =  34.75 

Number  of  plugging  revolutions  45.5  ~~  2  =  22.75 
Condensation  (from  A)  per  revolution  7.70 

G. . .  Condensation  for  57.5  revolutions  443.00 

Total  steam  (equals  A  plus  B  plus  G)  1531.00 

Steam  per  gross  ton  597.00 


In  other  words,  charging  the  engine  at  25  percent  con¬ 
densation  during  the  working  revolutions  on  the  dry  steam  used, 
and  the  same  amount  per  revolution  during  plugging  and  adding 
in  the  clearance  steam  lost  during  plugging,  we  arrive  at  sub¬ 
stantially  the  same  figure. 

Referring  to  the  test  of  the  International  Harvester  Com¬ 
pany’s  reversing  engine,  made  by  Mr.  Gasche#,  we-  find  for  a 
non-condensing  simple  twin  engine  (42  in.  by  60  in.)  a  steam 
consumption  of  1200  pounds  per  gross  ton  of  steel  rolled.  The 
engine  exhausted  into  a  regenerator  from  which  it  went  to  a  low 

*See  Power,  June,  1907. 
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pressure  turbine  and  thence  to  a  condenser.  The  dry  steam  as 
measured  from  the  cards  had  to  be  increased  by  48  percent  to 
allow  for  the  condensation  as  shown  by  the  condenser  test.  The 
13th  pass  (Tin.  by  8*4  in.)  corresponds  with  the  9th  pass  of 
the  three-high  mill  and  the  net  work  for  rolling  up  to  and  in¬ 
cluding  that  pass  was  47  049  000  foot  pounds.  The  weight  of 
the  ingot  was  2.45  gross  tons,  and  there  was  a  net  work  done  of 
19  200  000  foot  pounds  per  gross  ton  of  steel  rolled. 


The  17th  pass  (5  in.  by  6J/g  in.)  corresponds  fairly  well  with 
our  present  test  and  the  net  work  up  to  and  including  this  pass 
is  66  209  000  foot-pounds  per  ingot  or  27  000  000  foot-pounds 
per  ton.  This  test  having  been  made  early  in  1907,  it  is  likely 
that  the  mill  has  rough  cast  pinions  and  spindles.  If  so,  the 
ratio  between  the  above  and  the  net  work  per  ton  for  the  present 
test  should  correspond  with  the  ratio  otbained  by  the  comparison 
with  the  three-high  mill.  We  have: 
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Wr  27  000  000 

—  — -  =  1.182 

Wc  22  800  000 

which  is  practically  the  same  as  found  in  the  first  comparison. 

The  three-high  mill  used  276  pounds  of  dry  steam  per  ton 
of  steel  rolled,  and  adding  25  percent  for  condensation,  we  have 
345  pounds  of  wet  steam  per  ton  of  steel  rolled.  When  we  con¬ 
sider  that  the  two-high  mill  engine  expends  33  percent  of  its 
work  upon  acceleration  and  retardation  of  the  moving  parts,  and 
when  we  correct  its  steam  accordingly,  we  get  (575x2-3=)  383 
pounds  per  ton  of  steel  rolled.  This  is  still  not  quite  so  low  as 
the  three-high  mill  engine,  probably  due  to  the  fact  that  the 
three-high  mill  is  faster. 

In  conclusion,  it  appears  that  this  engine  and  mill  are 
rolling  blooms  with  a  low  net  work  expenditure  chiefly  due  to 
cut  pinions  and  machined  spindles ;  and  the  steam  consumption 
per  ton  of  steel  apparently  corresponds  with  that  of  other  two- 
high  mill  engines.  As  compared  with  three-high  mill  engines, 
the  steam  consumption  appears  to  be  33  percent  high,  half  of 
which  is  due  to  excessive  work  of  starting  and  half  due  to  exces¬ 
sive  plugging. 

The  Author:  I  wish  to  take  this  opportunity  to  thank 
Mr.  Coryell  for  the  work  which  he  has  done  in  calculating  the 
observations  taken  when  rolling  one  ingot  from  our  mill. 

In  the  main,  the  results  as  found  by  him  check  with  those 
determined  by  the  calculation  of  other  sets  of  observations. 

His  Fig.  32,  showing  the  position  of  the  pistons  of  the 
engine  at  each  reversal,  is  interesting,  although  it  does  not  ap¬ 
pear  to  give  any  additional  information  over  that  exhibited  by 
the  M.  E.  P.  curve  as  plotted  by  us. 

The  plotting  of  the  M.  E.  P.  of  each  pass  on  a  separate  sheet 
does  not  seem  to  be  necessary,  and  I  believe  does  not  represent 
as  clearly  the  operation  of  the  mill  for  an  entire  ingot  as  is  the 
case  when  the  total  curve  is  plotted  on  one  sheet — as  we  do. 

Plotting  the  M.  E.  P.  curve  in  square  sections  instead  of 
by  means  of  a  point  to  point  curve,  we  do  not  feel  makes  as 
satisfactory  a  representation  of  what  is  actually  taking  place 
as  is  done  by  our  method.  The  error  introduced  by  the  area  of 
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the  triangles  as  mentioned  by  Mr.  Coryell,  we  feel  to  be  neg¬ 
ligibly  small. 

It  is  true  that  Mr.  Coryell  is  able  to  plot  the  curves  to  the 
actual  point  of  reversal  by  making  each  pass  on  a  separate  sheet, 
but  the  error,  due  to  plotting  this  to  the  nearest  revolution, 

as  is  our  practice,  is  negligible. 

The  combined  cards  as  plotted  by  Mr.  Coryell  are  certainly 
of  considerable  interest,  but  we  do  not  feel  that  they  are  of 
sufficient  value  to  warrant  the  tremendous  amount  of  work  in¬ 
volved  in  obtaining  them.  It  is  exceedingly  interesting  to  note 
how  closely  work  determined  from  these  cards  checks  with  the 
work  determined  from  the  total  M.  E.  P.  curve. 

Referring  to  the  combined  cards  of  the  plugging  strokes, 
as  plotted  by  him,  we  are  at  a  loss  to  see  how  the  compression 
curve  can  fall  below  the  adiabatic.  This  is  probably  due  to  the 
drawing  of  the  adiabatic  curve  from  the  point  at  the  end  of 
the  stroke  in  each  case.  These  points  are  exceedingly  difficult 
to  accurately  locate,  and  I  believe  that  there  is  probably  a  con¬ 
siderable  error  encountered  in  determining  these.  If  the  adia¬ 
batic  had  been  drawn  from  a  point  2  or  3  removed  from  the 
end  of  the  stroke,  it  would  probably  have  been  more  accurate, 
although  any  point  located  by  measurement  from  such  a  large 
number  of  indicator  cards  would  probably  be  subject  to  a  con¬ 
siderable  error. 

ADDENDA.  ! 

Mr.  W.  C.  Coryell*.  Since  writing  a  discussion  of  Mr. 
Nibecker’s  paper  the  writer  has  tested  the  new  blooming  mill 
engine  at  the  Brier  Hill  Steel  Company’s  plant.  As  the  data 
brings  out  some  interesting  points  it  may  be  of  value  to  en¬ 
gineers  if  presented. 

As  the  engine  and  mill  are  quite  fully  described  in  the  Iron 
Age  and  the  Iron  Trade  Review  of  April  2,  1914,  it  is  not  neces¬ 
sary  to  give  a  full  description.  Let  it  suffice  to  say  that  the 
mill  is  40  in.,  two-high,  and  reversing;  and  the  engine  is  twin 
tandem  compound  44  in.  and  76  in.  by  60  in.,  non-condensing. 
The  special  features  of  interest  are  the  Kennedy  machined 
spindle,  the  Walschaert  valve  gear,  and  the  special  engine  con¬ 
trol  which  will  be  mentioned  later. 
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Figure  49  shows  the  mill  and  pulpit,  and  Fig.  50  shows 
the  engine.  The  latter  is  at  present  exhausting  to  a  heater,  al¬ 
though  it  is  proportioned  for  condensing. 

The  test  was  made  with  continuous  indicators,  four  being 
of  the  open  diagram  type  on  the  high  pressure  cylinders,  and 
four  of  the  closed  diagram  type  on  the  low  pressure  cylinders. 
Several  perfect  sets  of  cards  were  obtained,  but  the  data  from 
only  one  is  given  here.  The  cards  were  traced,  partly  for  per¬ 
manent  record  and  partly  for  the  greater  ease  of  reference. 


|  Fig,  49.  Mill  and  Pulpit  at  the  Brier  Hill  Steel  Company’s  Works. 

The  closed  diagrams  were  opened  out  in  tracing.  This  pro¬ 
duces  cards  with  two  lengths  varying  alternately  with  each 
other.  This  does  not  introduce  any  error,  but  care  must  be 
taken  in  figuring  M.E.P.  to  use  the  correct  lengths.  A  typical 
complete  set  of  cards  for  pass  10  is  shown  in  Fig.  51. 

The  springs  used  in  this  test  were 

Right  and  Left  High  Pressure  crank,  100  lb. 

Right  and  Left  High  Pressure  head,  110  lb. 

All  Low  Pressures,  20  lb. 
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The  engine  and  mill  were  running  under  normal  condi¬ 
tions,  without  any  unusual  effort  to  produce  fine  results.  The 
ingots,  the  day  of  the  test,  were  cold  ones,  reheated.  This  was 
the  cause  of  some  delay  in  the  mill,  and  the  cause  of  some  com¬ 
plaint  by  the  mill  men  on  account  of  the  cold  steel.  Pyrometer 
readings  were  taken  with  a  new  instrument,  but  they  are  quite 
evidently  in  error  and  are,  therefore,  thrown  out. 


Fig.  50.  The  Brier  Hill  Steel  Company’s  Engine. 

The  method  followed  in  working  up  the  test  is  the  same 

that  was  followed  in  working  up  the  Sheet  and  Tube  data. 

Therefore,  the  results  are  comparable,  except  for  the  facts  that 

one  engine  exhausts  to  a  condenser  and  the  other  to  a  heater. 

Between  this  test  and  that  of  the  Sheet  and  Tube  engine 

there  are  several  points  of  similarity,  as  should  be  expected 

between  twoi  good  modern  engines.  Also,  there  are  several 

/ 

points  of  difference,  which  will  be  presented. 

The  steam  at  the  engine  receiver  was  at  about  160  pounds 
pressure  and  had  about  10  deg.  Fahr.  superheat. 

The  tendency  of  reversing  engines  to  stop  at  definite  points 
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with  one  crank  or  the  other  just  before  dead  center,  occurs 
with  this  engine,  as  is  usually  the  case  with  reversing  engines. 
This  is  the  position  of  great  resistance  due  to  compression. 

This  engine  has  a  special  controlling  device.  The  high 
and  low  pressure  cylinders  each  have  their  own  throttle  valves. 
These  and  the  links  are  under  the  control  of  two  interconnected 
levers.  When  the  engine  is  reversed  the  steam  can  be  shut  off 
from  all  cylinders  simultaneously,  or  nearly  so.  Several  ad¬ 
vantages  occur  from  this.  First,  the  steam,  being  all  shut  off, 
is  saved;  second,  due  to  this  saving,  a  corresponding  saving  is 
made  in  plugging;  third,  the  receiver  pressure  being  kept  up, 
gives  the}  high  pressure  plugging  card  a  higher  point  from 
which  to  start  plugging  and  it  also  has  a  supply  of  steam  ready 
for  the  low  pressure  cylinder  at  the  beginning  of  the  next  pass ; 
fourth,  the  total  number  of  revolutions  per  pass  is  kept  down; 
and,  fifth,  the  low  pressure  cylinder,  not  having  steam,  helps 
plugging  with  its  negative  M.E.P.,  when  non-condensing.  In 
other  words,  the  saving  is  cumulative. 

The  M.E.P.  for  all  cylinders  is  worked  up  and  referred  to 
one  low  pressure  cylinder,  the  cylinder  ratio  being  3.06.  The 
combined  M.E.P.  for  pass  10  is  shown  in  Fig.  52.  These  curves 
are  much  like  those  submitted  in  the  writer’s  discussion  for 
the  Sheet  and  Tube  engine,  except  the  positive  M.E.P.  is  not  so 
high ;  the  negative  M.E.P.  is  not  so  low ;  and  the  ratio  of  nega¬ 
tive  area  to  positive  area  is  much  less. 

On  these  curves  a  small  circle  on  the  zero  line  shows  the 
ending  of  the  positive  work  and  the  beginning  of  the  negative 
work. 

The  friction  M.E.P.  was  obtained  by  running  the  engine 
at  48  r.  p.  m.  The  cards  were  so  uniform  in  size  that  twelve 
revolutions  on  the  same  card  showed  a  narrow  line  clear  around 
the  card.  The  M.E.P.  referred  to  one  low  pressure  cylinder 
is  5.5  lbs.  per  sq.  in. 

The  steam  upon  starting  the  engine  is  throttled  and  used 
with  long  cut-off,  but  the  pressure  builds  up  rapidly  to  normal 
pressure  with  decreasing  cut-off,  after  which  the  cut-off  is 
lengthened  to  obtain  more  power.  Very  little  work  is  done 
under  the  condition  of  throttling,  as  the  only  time  when  this  is 


Fig.  51.  Indicator  Cards  from  the  Brier  Hill  Steel  Company’s  Engine. 
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required  is  upon -starting.  Figure  53  shows  an  ideal  series  of 
cards  starting  with  engine  at  rest,  card  1,  and  ending  with 
maximum  load  at  card  10.  In  practice,  however,  we  do  not 
necessarily  get  this  series  as  the  mechanism  may  pass  rapidly 
through  one  or  all  of  the  successive  positions. 

Comparing  these  M.E.P.  curves  with  those  submitted  with 
the  writer’s  discussion  of  the  Sheet  &  Tube  Company’s  test  we 
obtain  the  following: 

Sheet  &  Tube  Brier  Hill 
Engine  Engine 


Total  number  of  strokes  per  ingot .  115  94 

Number  of  plugging  strokes  per  ingot..  45.5  30.6 

Maximum  M.  E.  P.  (referred  to  one  1.  p. 
cylinder,  lb.  per  sq.  in.) 

Working .  127  101 

Plugging  .  79  39 


Fig.  52.  M.  E.  P.  Curve  for  Pass  No.  10,  Brier  Hill  Steel  Company’s 

Engine. 
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During  plugging  the  low  pressure  cylinder  often  operates 
with  a  vacuum  M.E.P.  of  five  to  six  pounds.  This  negative 
work  has  a  powerful  effect  in  aiding  the  plugging  operation  on 
the  opposite  side  of  the  piston.  For  example,  stroke  No.  51  on 
the  left  low  pressure  crank  card,  pass  10,  shows  a  negative 
M.E.P.  of  only  three  pounds,  yet  this  one  cylinder  aided  in 
stopping  the  engine  to  the  extent  of  72,000  feet  pounds  more 
than  it  would  have  done  if  the  M.E.P.  had  been  zero  pounds. 

The  average  time  per  revolution  has  been  increased,  but 
it  must  be  remembered  that  more  time  can  be  had  for  useful 
work  when  less  useless  work  is  done.  That  is  what  this  engine 
is  doing.  There  has  been  no  occasion  to  do  fast  rolling,  as  the 
plant  has  only  about  half  enough  open  hearth  furnace  capacity 
to  keep  the  mill  busy;  but  there  are  occasionally  periods  in 
which  they  roll  fifty  ingots  per  hour  or  one  a  minute.  No 
records  have  been  attempted. 

The  acceleration  of  the  engine  and  the  retardation  were 
too  rapid  and  lasted  too  short  a  time,  to  be  taken  with  a  stop 
watch.  An  idea  can  be  obtained  of  the  retardation  upon  seeing 
the  mill  operate.  It  frequently  occurs,  when  the  engine  stops, 
that  the  piece  leaving  the  rolls  is  left  within  a  few  inches,  to  a 
foot,  beyond  the  rolls.  The  time  of  rolling  is  shown  in  Table 
No.  12. 

The  gauge  for  the  screwdown  reads  on  the  ‘  ‘  bull-head  *  *  pass, 
and  was  found  immediately  after  the  test  to  be  uniformly  one- 
eighth  of  an  inch  too  small.  The  size  of  the  pass  is  determined 
from  the  reading  of  the  gauge  wheel,  but,  since  the  spread  is 
not  controlled  the  exact  sizes  of  the  passes  are  not  known.  The 
piece  was  held  before  the  first  pass  for  length  measurement, 
and  after  the  last  pass  for  section  measurement.  The  drawing 
of  the  rolls  is  shown  in  Fig.  54.  Grooves  A,  B,  and  C,  were 
used.  The  actual  gauge  readings  and  order  of  rolling  are  shown 
in  Table  No.  12. 

The  work  is  derived  from  the  M.E.P.  curve  in  which  ordi¬ 
nates  are  pressures,  and  abscissa  are  strokes.  The  product,  an 
area,  represents  work.  In  these  diagrams  one  square  inch  equals 
forty  pounds  for  two  strokes,  or  2  092  800  ft.  lbs.  of  work.  The 
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summary  of  work  per  pass  and  the  distribution  of  that  work 
is  shown  in  Table  No.  13. 


TABLE  NO.  12.  TEST  DATA. 


Pass.  No. 

Time  of 
Entering 
Pass-Sec. 

Gage 

Reading 

Groove 

Manip¬ 

ulation 

1 

0. 

18.5 

A 

2 

3.5 

16.5 

II 

3 

9.7 

17.5 

44 

Turn 

4 

13. 

15.5 

44 

5 

17.2 

13.75 

44 

6 

20.8 

12.00 

44 

7 

27.2 

12.00 

B 

Turn 

8 

31.8 

9.75 

44 

9 

37.0 

7.75 

44 

Turn 

10 

42.0 

5.25 

44 

11 

50.0 

7.75 

C 

Turn 

12 

55.0 

6.125 

44 

13 

62.0 

6.75 

A 

Turn 

14 

67.7 

6.75 

44 

15. 

Leaving  Press 

75.8 

79.3 

5.125 

C 

Turn 

TABLE  NO.  13. 

DISTRIBLTION  OF  WORK  AS  SHOWN  BY  M.  E.  P.  CURVE. 


Pass 

No. 

Total 

Positive 

Work 

Ft.  Lbs. 

Total 

Negative 

Work 

Ft.  Lbs. 

Rolling  & 
Friction 
Work 

Ft.  Lbs. 

Friction 

Work 

Ft.  Lbs. 

Net 

Rolling 

Work 

Ft.  Lbs. 

1 

3  510  000 

815  000 

2  695  000 

557  000 

2  138  000 

2 

5  330  000 

1  773  000 

3  557  000 

738  000 

2  819  000 

3 

2  200  000 

732  000 

1  468  000 

616  000 

852  000 

4 

4  140  000 

502  000 

3  638  000 

508  000 

3  130  000 

5 

4  930  000 

523  000 

4  407  000 

628  000 

3  779  000 

6 

5  000  000 

920  000 

4  080  000 

641  000 

3  439  000 

7 

6  930  000 

711  000 

6  219  000 

713  000 

5  506  000 

8 

6  900  000 

1  125  000 

5  775  000 

713  000 

5  062  000 

9 

9  000  000 

711  000 

8  289  000 

872  000 

7  417  000 

10 

10  350  000 

1  021  000 

9  329  000 

980  000 

8  349  000 

11 

9  070  000 

167  000 

8  903  000 

931  000 

7  972  000 

12 

7  540  000 

1  261  000 

6  279  000 

920  000 

5  359  000 

13 

5  680  000 

482  000 

5  198  000 

1  065  000 

4  133  000 

14 

4  600  000 

1  960  000 

2  640  000 

1  100  000 

1  540  000 

15 

7  905  000 

0  000  000 

7  905  000 

1  065  000 

6  840  000 

Total 

93  085  000 

12  703  000 

80  382  000 

12  047  000 

68  335  000 

93  085  000  =  100%  =  Total  WTork  12  703  000  =  13.6%  NegSve' Work 

68  335  000  —  73.4%  Net  Work  to  Roll 

Comparing  this  data  with  the  Sheet  &  Tube  Company  test 
we  find  a  marked  difference,  thus: 


Total  work  expended  per  ingot,  ft.  lbs. 
Distribution,  %  to  friction  . 


% 

% 


to  plugging  . 

to  rolling  piece  (net).... 


Sheet  &  Tube 
Engine 
110  000  000 

13.8 
33.3 

52.9 


Brier  Hill 
Engine 
93  000  000 
13.0 
13.6 
73.4 
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The  work  of  friction,  as  should  be  expected,  remains  about 
the  same,  but  the  engine  having  the  control  and  low  pressure 
throttle  valves  requires  less  work  for  plugging,  and  hence  can 
put  that  much  additional  work  into  the  piece  being  rolled. 

The  work  of  rolling  and  the  coefficient  are  shown  by  the 
following  calculations : 


Average  size  of  ingot,  inches . 

Sectional  area  of  ingot,  sq.  in.  ( A ) . 

Length  of  ingot,  feet  (L) . . 

Weight  of  ingot,  gross  tons . 

Size  of  finished  piece,  inches . 

Sectional  area  of  same,  sq.  in.  (a) . 

Time  of  rolling,  seconds . 

Ratio  of  sectional  areas  ( A  divided  by  a) . . . 
Hyperbolic  logarithm  of  ( A  divided  by  a) . 

Net  work  to  roll  ingot,  foot  pounds . 

foot  pounds 

Coefficient,  C  =  ~ — = — = - ; - j~A — ; — — x 

A.  L.  Hyp.  log.  {A  -y-  a) 


18  by  20 
360 
5.63 
2.8 

7.06  by  7.25 
51 
80 
7.07 
1.956 
68,335,000 

17,300 


This  high  coefficient  is  due  to  the  reheated  ingots,  not  being  suf¬ 
ficiently  heated  at  the  center. 


Fig.  53.  Ideal  Series  of  Indicator  Cards  for  the  Brier  Hill  Steel  Com¬ 
pany’s  Engine,  starting  from  rest. 

No  steam  meter  tests  were  taken  as  they  are  subject  to  too 
many  possibilities  for  error  when  applied  to  reversing  engines, 
to  make  them  reliable.  The  error  due  to  quality  of  steam  can 
be  corrected  for  and  possibly  the  errors  due  to  inertia  of  the 
measuring  fluid  (usually  mercury)  offset  each  other.  But  grant 
that  these  difficulties  are  overcome,  let  us  consider  the  measure¬ 
ment  of  the  curve  itself.  In  reversing  engines  the  velocity  of 
the  steam  through  the  meter  varies  within  a  period  of  a  few 
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seconds,  from  zero  feet  per  second  to  several  hundred  feet  per 
second  as  a  maximum  and  then  drops  back  to  zero  again.  The 
formula  upon  which  these  instruments  are  usually  based  is 

V  =  V 2gh .  Usually  when  the  curve  is  obtained,  it  is  plani- 
metered  and  the  area  found  is  multiplied  by  a  constant  to  de¬ 
termine  the  weight  of  steam.  In  other  words,  the  readings  are 
averaged  first  and  the  square  root  of  the  average  is  taken  after¬ 
ward,  while  strictly  the  square  root  of  each  ordinate  should  be 
taken  and  all  the  square  roots  averaged.  Take  a  concrete  case 
in  which  the  readings  are  0,  25,  49,  16,  and  0,  the  square  root 
of  the  average  of  this  series  is  4.2,  while  the  average  of  the 
square  roots  is  3.2. 


Fig.  54.  Roll  Dimensions  for  Brier  Hill  Steel  .Company’s  Mill. 


This  difficulty  arises  with  all  Venturi  meters,  Pitot  tubes, 
throttling  discs,  and  weirs,  when  the  flow  is  very  irregular.  A. 
j  check  could  not  be  run  on  the  feed  water  heater  as  some  of 
the  steam  escaped  to  free  exhaust.  Condenser  tests  are  reliable 
when  the  weir  is  properly  constructed  and  when  surging  is  pre- 
I  vented  in  the  hot  well.  We  determined  therefore  to  depend 
upon  the  steam  indicator  and  the  combined  card. 

The  steam  consumption  of  a  reversing  engine  cannot  be 
figured  by  first  measuring  the  steam  from  the  cards  individually, 
then,  combining  the  steam,  and  lastly,  allowing  for  condensa¬ 
tion.  The  cards  themselves  show  very  plainly  that  steam  once 
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getting  into  the  cylinder  rarely  gets  back  into  the  steam  chest. 
The  steam  chest  pressure  on  the  Sheet  &  Tube  engine  was  about 
150  lb.  and  that  on  the  Brier  Hill  engine  about  160  lb.  Some 
cards  at  the  former  rose  to  the  necessary  pressure  and  ex¬ 
hausted  into  the  steam  chest  whenever  the  throttle  was  open; 
and  many  of  them  did  not  attain  the  necessary  pressure.  But 
at  the  latter  plant  the  highest  plugging  card  was  125  lb.  pres¬ 
sure. 

A  reversing  engine  is  really  a  steam  engine  and  a  steam 
compressor,  the  two  operations  occurring  alternately  in  the 
same  cylinder.  Now,  if  these  operations  were  occurring  con- 


Fig.  55.  Combined  Indicator  Card'  for  Working  Strokes,  Brier  Hill 

Steel  Company’s  Engine. 
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tinuously  in  different  cylinders,  no  engineer  would  omit  charg¬ 
ing  both  operations  for  condensation.  Then  why  omit  the  charge 
when  the  two  operations  occur  alternately  in  the  same  cylinder, 
as  was  done  in  the  principal  paper? 

In  Figs  55  and  56  are  shown  the  combined  cards,  the 
former  showing  the  working  card  and  the  latter  the  plugging 
card.  These  cards  are  the  average  of  every  card  during  the  en¬ 
tire  rolling  of  the  ingot.  For  instance,  the  high  pressure  expansion 
line  of  the  working  card  contains  the  average  of  all  the  ex¬ 
pansion  lines  of  the  high  pressure  working  cards.  This  is  also 
the  case  with  the  other  portions  of  the  combined  cards.  No 


Steel  Company’s  Engine. 
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portion  of  any  individual  card  or  stroke  is  omitted  from  the 
combined  card. 

The  steam  consumption  is  figured  from  this  card  in  the 
same  manner  as  was  explained  in  the  writer’s  discussion  of 
Mr.  Nibecker’s  paper. 

The  summary  for  the  steam  consumption  is  as  follows: 

Sheet  &  Tube  Brier  Hill 


Dry  steam ,  pounds,  Engine  Engine 

A — Just  before  release,  h.  p.  cyl.  (working) ....  1060  960 

B — Clearance  volume  of  h.  p.  cyl.  (plugging) . .  28  12.5 

C — Steam  used  in  plugging  h.  p.  cyl.  (not 

charged)  .  437  316 


Total  dry  steam .  1088  972.5 

Condensation,  pounds, 

D — Condensation  from  A  @  25% .  267  240 

E — Condensation  from  B@25% .  7  3 

F — Condensation  from  C  @  25% .  109  29 


Total  condensation  per  ingot .  383  322 

Total  steam  charged  per  ingot .  1471  1294.5 

Total  weight  of  ingot,  gross  tons  (2240  lbs.) ....  2.56  2.81 

Total  steam  charged,  pounds  per  gross  ton  of 

steel  rolled  .  575  462 


The  above  sets  of  figures  are  not  comparable,  for  one  en¬ 
gine  is  condensing  and  its  figure  does  not  contain  the  steam 
for  condenser  auxiliaries  and  the  other  engine  exhausts  to  a 
heater  and  its  figure  does  not  include  credit  for  same. 

Data  were  not  taken  during  either  test  which  will  allow 
of  precise  correction,  but  allowing  20  percent  as  the  saving  of 
condensing  over  noncondensing  engines,  and  charging  2  percent 
for  condenser  auxiliaries,  we  have : 

Sheet  &  Tube  Brier  Hill 
Engine  Engine 


Steam  for  condenser  auxiliaries  (assumed  2%) 

pounds  .  12.5  none 

Allowing  net  credit  20%  for  operating  con¬ 
densing,  pounds  .  none  92 


Total  .  587  370 

Net  steam  saved,  pounds  per  gross  ton .  217 
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Although  this  is  a  long  step  forward  in  the  steam  con¬ 
sumption  of  this  type  of  engine,  it  can  readily  be  seen  from 
the  combined  cards  that  there  is  still  a  large  field  for  engineers 
to  decrease  still  more,  the  loss  shown  above  the  high  pressure 
card  and  the  loss  shown  between  the  high  and  low  pressure 
cards,  of  the  combined  cards. 

Prof.  C.  L.  W.  Trinks:  The  contribution  offered  by  Mr. 
Coryell  is  very  interesting,  but  it  cannot  pass  without  challenge, 
because  it  tends  to  discredit  the  work  done  by  the  engineering 
commission  which  tested  the  reversing  engine  at  the  Youngs¬ 
town  Sheet  &  Tube  Co.  It  also  tends  to  discredit  the  work  of 
the  builders  of  that  engine  by  an  artificial  comparison  of  two 
engine  tests. 

Mr.  Coryell  tells  the  engineering  commission  consisting  of 
engineers  from  (alphabetically  arranged)  Carnegie  Institute  of 
Technology,  Carnegie  Steel  Company,  Mesta  Machine  Company, 
and  Youngstown  Sheet  &  Tube  Company,  that  their  method  of 
figuring  steam  consumption  is  wrong  and  then  proceeds  to 
figure  a  new  steam  consumption  by  a  method  of  his  own.  The 
engineers  in  question  met  several  times  to  discuss  all  points 
which  might  be  doubtful.  Furthermore,  the  steam  consumption 
figures  were  checked  by  a  heat  balance  on  the  condenser  and  by 
steam  meter  readings.  When  all  three  methods  checked  it  was 
thought  safe  to  publish  the  results,  but  Mr.  Coryell  says  that 
we  were  wrong. 

An  analysis  of  Mr.  Coryell’s  contribution  seems  necessary 
for  the  sake  of  correcting  wrong  impressions.  Let  us  take  first 
the  method  of  figuring  steam  consumption.  Mr.  Coryell  aver¬ 
ages  the  ordinates  of  all  of  the  positive  cards  and  computes  the 
steam  consumption  from  the  artificial  card  thus  obtained.  It 
is  known  that  a  steam  engine  is  wasteful  both  at  very  short 
and  a  very  long  cutoff.  Averaging  brings  both  of  these  to  a 
more  economical  cutoff.  The  method  is  therefore  misleading. 

Mr.  Coryell  compares  the  tests  of  two  engines  and  gives 
the  steam  consumption  per  ton  of  steel.  The  comparison  is 
such  that  it  must  impress  the  uninitiated  with  the  fact  that  one 
engine  is  much  more  economical  than  the  other. 

In  the  test  cited  by  Mr.  Coryell  (Brier  Hill)  the  steel  was 


628  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

elongated  seven  fold  as  figured  from  the  ratio  of  initial  and 
final  cross  section.  It  is  stated  in  the  paper  that  initial  and 
final  lengths  were  measured.  Now  why  were  not  these  lengths 
used  instead  of  areas?  In  tests  which  I  have  made,  I  regularly 
found  the  actual  elongations,  as  measured  from  the  lengths,  to 
be  less  than  the  ideal  elongations  as  determined  from  the  area 
ratio.  This  is  due  to  closing  up  of  voids  in  the  steel.  It  should 
be  remembered  that  the  Youngstown  Sheet  &  Tube  Co.  test 
is  based  on  actual  elongations.  If  the  steel  at  Brier  Hill  Steel 
Co.  behaved  the  same  as  at  Youngstown  Sheet  &  Tube  Co.  it 
had  only  six  and  one-half  elongations  instead  of  seven.  Now 
let  us  compare  the  two  tests.  For  six  and  one-half  elongations 
there  are  used  per  ton  of  steel  at  the  Youngstown  Sheet  &  Tube 
Co.  380  pounds  of  steam  with  saturated  steam  of  150  pounds 
per  square  inch  pressure.  According  to  Mr.  Coryell,  the  Brier 
Hill  plant  uses  370  pounds,  with  superheated  steam  of  160 
pounds  per  square  inch  pressure.  It  should  be  emphasized 
again  that  the  Youngstown  Sheet  &  Tube  Co.’s  tests  were 
checked  and  rechecked  and  were  compared  with  a  heat  balance 
of  the  condenser,  and  with  readings  of  a  steam  meter.  It  is  at 
least  doubtful,  whether  equal  care  was  used  in  the  Brier  Hill 
test. 

After  establishing  the  fact  that  the  two  plants  (mill  and 
engine)  are  at  least  equivalent  with  regard  to  steam  consump¬ 
tion  per  ton  of  steel,  we  must  go  more  deeply  into  the  question : 
“What  determines  the  steam  consumption  per  ton  of  steel?” 
Of  two  duplicate  engines  one  may  easily  use  twenty  percent 
more  steam  per  ton  of  steel,  because  the  steel  is  rolled  faster 
or  because  the  engine  is  handled  with  less  skill.  Besides,  tem¬ 
perature  of  steel  and  inertia  of  revolving  masses  in  the  mill, 
coupling  and  pinions  affect  the  steam  consumption.  The  fact 
that  the  pyrometer  readings  in  the  Brier  Hill  Steel  Co.  test 
were  rejected  and  that  the  excuse  of  cold  steel  was  offered,  looks 
somewhat  suspicious.  Returning  to  the  speed  of  rolling,  we 
must  face  the  fact  that  fast  rolling  increases  the  inertia  losses 
due-  to  excess  acceleration  work  and  due  to  plugging.  From 
personal  observation  at  both  plants,  I  know  that  rolling  at  the 
Youngstown  Sheet  &  Tube  Co.  is  faster  than  at  the  Brier  Hill 
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Steel  Co.  Mr.  Coryell  gives  in  his  report  a  time  of  80  seconds 
for  seven  (or  6*4  ?)  elongations,  whereas  at  the  Youngstown 
Sheet  &  Tube  Co.  85  seconds  were  observed  for  11  elongations. 
Besides,  31  of  these  85  seconds  were  lost  in  manipulation,  that 
is  to  say  due  to  influences  caused  by  the  operator  and  the  mill 
equipment,  so  that  only  54  seconds  remained  for  actual  rolling. 

If  engines  are  to  be  compared  as  engines,  or  prime  movers, 
we  must  give  Rankine  cycle  efficiency,  that  is  to  say  the  per¬ 
centage  of  that  energy  which  could  be  converted  into  mechanical 
work  by  an  ideal  engine  under  given  conditions  of  initial  pres¬ 
sure,  superheat  and  back  pressure.  The  Rankine  cycle  effi¬ 
ciency  of  the  Youngstown  Sheet  &  Tube  Co.’s  engine  is  36V2 
percent.  It  would  be  interesting  to  have  the  Rankine  cycle 
efficiency  of  the  Brier  -Hill  engine.  In  comparing  these  effi¬ 
ciencies,  let  it  be  remembered  that  it  is  easier  to  produce  a  high 
Rankine  cycle  efficiency  non  condensing,  because  the  expansion 
line  is  steeper,  allowing  a  closer  approach  to  the  back  pressure 
line. 

Two  other  points  that  determine  the  value  of  a  reversing 
engine  are  uniform  turning  moment  and  ability  to  start  and 
stop  quickly  without  losses.  The  two  conflict  (see  Mr.  Ken¬ 
nedy’s  discussion).  If  we  put  sufficient  masses  into  the  rotat¬ 
ing  parts  for  an  even  turning  moment,  the  engine  will  not  start 
or  stop  quickly.  If  we  reduce  the  masses  to  'accomplish  the 
latter  purpose,  the  turning  moment  is  uneven  at  short  cutoff 
and  the  rolls  wear  due  to  slippage.  Evidently  the  engine  with 
smaller  rotating  parts  will  have  the  smaller  acceleration  losses 
and  consequently  the  smaller  steam  consumption  per  ton  of 
steel,  but  it  only  reduces  one  of  the  two  evils,  making  the  other 
one  worse.  The  remedy  lies  in  the  three  crank  reversing  engine. 

Now  to  the  devices  that  make  the  handling  of  the  Brier 
Hill  engine  supposedly  superior.  Mr.  Coryell  attributes  this 
alleged  superiority  to  the  low  pressure  throttle  valves.  Being 
responsible  for  the  introduction  of  low  pressure  throttle  valves 
in  the  United  States,  I  know  something  about  their  advantages 
and  disadvantages.  They  necessarily  dissipate  energy  by  double 
throttling  and  are  consequently  more  or  less  a  makeshift.  (See 
paper  by  the  writer  on  compound  reversing  engines  read  be- 
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fore  the  Society  in  1905.)  *  An  arrangement  which  cuts  the 
steam  off  at  the  low  pressure;  cylinder  without  throttling  is 
more  efficient  than  the  low  pressure  throttle  and  is  just  as  ef¬ 
fective.  The  Youngstown  Sheet  &  Tube  Co.’s  engine  has  such 
an  arrangement. 

Summing  up  1  find  that : 

First :  The  steam  consumption  per  ton,  of  steel  at  the 
Youngstown  Sheet  &  Tube  Co.’s  plant  and  at  the  Brier  Hill 
Steel  Co.’s  plant  is  practically  the  same  when  referred  to  equal 
conditions  of  steam  pressure,  temperature  and  back  pressure. 

Second:  Rolling  at  the  Y'oungstown  Sheet  &  Tube  Co.’s 
plant  is  faster  than  at  the  Brier  Hill  Steel  Co.’s  plant,  because 
the  furnace  capacity  is  greater. 

Third:  With  equal  steam  consumption  per  ton  of  steel, 
that  engine  is  more  economical  (as  an  engine)  which  rolls 
faster,  because  the  same  quantity  of  steam  covers  greater  ac¬ 
celeration  losses. 

Mr.  W.  C.  Coryell:  In  presenting  a  paper  for  publica¬ 
tion,  an  engineer  should  make  a  sincere  effort  to  discover  and 
to  correctly  apply  concrete  truth  so  as  to  increase  the  sum 
total  of  human  knowledge;  or,  he  should  accumulate  existing 
information  and  so  arrange  it  that  the  subject  in  hand  is  there¬ 
by  clarified.  His  sole  object  should  be  to  make  it  possible  for 
others  to  do  bigger  and  better  things.  He  should  not  belittle 
or  ignore  a  leading  fact,  nor  magnify  and  exalt  a  minor  detail. 
Lastly,  when  one  meets  error,  he  should  recognize  it;  but,  un¬ 
less  he  corrects  it  or  gives  something  better,  he  has  done  noth¬ 
ing.  These  principles  have  been  followed  by  the  ’writer. 

Although  the  Writer  was  a  member  of  the  party  who  made 
the  Youngstown  Sheet  &  Tube  Company  test,  he  was  not  aware 
of  there  being  a  Commission  until  so  advised  by  the  discus¬ 
sion  of  Prof.  Trinks  who  modestly  refrains  from  giving  the 
personnel  of  the  Commission,  perhaps  for  the  reason  that  two 
out  of  the  four  concerns  mentioned  were  represented  by  himself. 
It  may  be  assumed,  therefore,  that  his  was  the  guiding  mind  at 
the  meetings  and  consequently,  he  deserves  most  of  the  credit. 

*See  paper  on  “Compound  Reversing  Engines”  by  Willibald  Trinks,  Proc.  Engs. 
Soc.  West.  Pa.,  1905,  vol.  19,  p.  235-254. 
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The  writer,  not  being  one  of  the  Commission,  worked  alone  and, 
in  doing  so,  developed  a  method  of  his  own. 

The  steam  consumption  per  ingot  has  been  obtained  by  the 
writer,  both  by  the  method  of  the  Commission  and  by  his  own 
method.  The  former  calculation  agreed  with  that  of  the  Com¬ 
mission  within  4  percent  while  the  latter  calculation  was  37 
percent  higher. 

Now  in  non-reversing  compound  engines,  the  combined  card 
usually  shows  the  more  steam  in  the  low  pressure  cylinder,  due 
to  a  re-evaporation,  but  in  both  of  the  reversing  engine  com¬ 
bined  cards  the  more  steam  apears  in  the  high  pressure  cylinder. 
The  Commission  measured  the  steam  from  the  low  pressure 
cards.  The  cause  of  the  shortage  in  the  low  pressure  cylinder 
is  the  heavy  condensation  in  the  high  pressure  cylinder  and  the 
receiver,  not  only  during  plugging  but  also  during  the  interval 
when  the  engine  is  down  between  passes.  The  writer  ran  a  test 
on  the  receiver  and  found  a  pressure  drop  during  manipulation 
of  the  piece,  when  the  engine  was  at  rest,  of  two  pounds  every 
five  seconds  for  a  considerable  drop  in  pressure.  This  loss  in 
pressure  checks  well  with  the  drop  to  be  expected  due  to  the 
radiation  of  the  exposed  surface.  The  low  pressure  throttle 
valves  were  closed  and  did  not  leak.  Therefore,  since  the  ele¬ 
ments  causing  condensation  are  proceeding  during  plugging  and 
during  the  rest  period  at  reversal,  the  condensation  factor  must 
be  applied  throughout  the  rolling  period.  Usually  the  plugging 
steam  should  be  neither  charged  nor  credited,  but  this  item  must 
be  determined  by  the  individual  card  or  the  combined  card. 
Therefore,  if  the  Commission  would  have  another  meeting  and 
adopt  these  additional  items,  the  two  methods  will  agree. 

The  writer  has  already  expressed  himself  with  regard  to 
steam  meters  in  steam  mains  subject  to  a  wide  range  of 
velocities,  and  also  on  condenser  tests.  But  since  the  two  have 
been  brought  up  again,  it  must  be  replied  that  the  steam  flow 
through  the  meter  is  from  zero  feet  to  several  hundred  feet  and 
back  to  zero  again  in  a  period  of  a  few  seconds.  In  the  particu¬ 
lar  condenser  test,  the  hot  well  is  small  causing  violent  surging 
and  counter  currents ;  and  the  weir  was  rectangular,  cut  rather 
deep  for  its  width  out  of  two  inch  planking  without  champfering 
of  the  edges.  Neither  test  was  of  any  value  as  a  check. 
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Prof.  Trinks  states  that  averaging  a  card  with  long  cut  oft' 
and  one  with  short  cut  off  tends  to  produce  a  card  with  a  more 
economical  cut  off.  If  therein  lies  the  cause  of  37  percent  differ¬ 
ence  between  the  two  methods  of  figuring  steam  consumption, 
something  more  substantial  should  be  done  than  simply  to  pass 
it  by  with  the  remark  that  it  is  misleading.  As  a  matter  of 
fact  that  point  was  looked  into  in  the  beginning.  It  was  found 
that  the  error  in  this  method  of  combining  a  long  and  a  short 
cut  off  is  less  than  one-half  of  one  percent.  But  the  actual 
series  of  cards  are  made  up  of  long,  short  and  intermediate  cut 
offs  and  on  that  account  the  error  is  less  than  one-quarter  of 
one  percent. 

A  criticism  has  been  offered  to  the  comparison  of  the  two 
engines  on  the  basis  of  pounds  of  steam  per  ton  of  steel.  There 
can  be  no  objection  to  the  unit  since  it  has  been  used  heretofore 
by  nearly  all  writers  upon  the  subject,  including  all  the  mem¬ 
bers  of  the  Commission.  Prof.  Trinks  has  used  this  basis  in 
connection  with  this  very  test.  Of  course,  comparisons  of  en¬ 
gines  must  not  be  made  on  this  basis  when  the  mills  are  of 
widely  different  types,  or  when  the  number  of  passes  are  quite 
different,  or  the  elongations  are  widely  different.  Now  these 
mills  are  of  the  same  type,  have  the  same  number  of  passes,  and 
the  elongations  are  not  very  different.  The  increased  elonga¬ 
tion  at  the  Youngstown  Sheet  &  Tube  Company  mill  is  simply 
due  to  a  slightly  larger  elongation  per  pass  than  at  Brier  Hill. 
The  average  elongation  per  pass  at  the  former  plant  was  14.4 
percent  while  at  the  latter  it  was  12.1  percent.  This  is  a  dis¬ 
advantage  to  the  Sheet  &  Tube  engine  of  11.9  percent.  Along 
with  this,  it  might  be  well  to  recall  another  omission.  The 
ingot  at  Brier  Hill  was  the  colder  and  its  coefficient  was,  C  = 
17  300,  while  at  the  Youngstown  Sheet  &  Tube  Plant  it  was 
C  =  13  700.  This  is  a  disadvantage  to  the  Brier  Hill  engine  of 
12.6  percent.  So  the  writer  believes  he  was  fair  in  omitting 
both  items. 

There  is  nothing  in  the  argument  that  elongations  instead  of 
reductions  should  be  used.  Prof.  Trinks  mentioned  the  “clos¬ 
ing  of  the  voids.”  Two  other  items  cause  shrinkage,  namely, 
scaling  and  cooling.  All  three  items  taken  together  are  less 
than  one  percent,  when  each  is  a  maximum. 
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The  Rankine  cycle  efficiency  also  is  of  no  importance.  That 
is  merely  an  expression  showing  the  efficiency  which  a  perfect 
engine  would  have  when  working  under  prescribed  limits.  The 
important  point  overlooked  by  Professor  Trinks  is,  which  of  the 
engines  comes  nearest  its  ideal.  There  is  no  doubt  but  that  the 
Sheet  &  Tube  Company’s  engine  is  operated  faster  when  one 
counts  revolutions  and  is  operated  slower  when  one  counts  the 
number  of  passes,  and  the  two  are  operated  equally  well  with 
respect  to  speed  of  rolling  when  one  considers  reduction  per 
pass  and  time. 

The  writer  agrees  with  Mr.  Kennedy  and  Prof.  Trinks  with 
regard  to  turning  moments  and  the  quick  starting  and  stopping. 
It  would  be  interesting  in  this  connection  to  compare  the  weights 
of  the  reciprocating  parts  in  order  to  see  how  much  the  “ex¬ 
cessively  heavy  moving  parts”  of  the  Sheet  &  Tube  Company’s 
engine,  as  they  are  styled  in  the  leading  paper,  are  the  cause  of 
Ihe  excessive  plugging. 

Mr.  Nibecker’s  estimate  that  plugging  should  not  exceed 
15  percent  tallies  very  nicely  with  Brier  Hill’s  13.6  percent. 

It  should  be  recalled  finally  that  the  writer  has  held  that 
the  steam  consumption  figured  by  the  combined  card  method  is 
37  percent  higher  than  by  the  method  of  the  Commission.  The 
points  made  by  Prof.  Trinks  show  a  total  error  of  about  one 
percent. 

In  conclusion,  it  must  be  recalled  that  the  main  points 
brought  out  by  the  writer  are : 

First :  Condensation  must  be  charged  during  the  plugging 
and  reversing  periods  as  well  as  the  working  period. 

Second:  The  combined  card  is  a  convenient  method  of 
determining  steam  consumption. 

Third:  The  low  pressure  throttle  valve  is  a  steam  saver 
due  to  five  facts,  brought  out  in  the  discussion. 

Fourth:  Machine  spindles  and  cut  gears  save  about  18 
percent  of  the  total  work. 

Mr.  Karl  Nibecker  :*  Referring  to  the  test  of  the  Brier 
Hill  engine  as  reported  by  Mr.  Coryell  and  the  comparisons 
which  he  makes  of  the  results  of  this  test  with  the  results  ob- 


*Authors  closure. 
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tained  from  the  Youngstown  Sheet  &  Tube  Company  engine, 
I  do  not  agree  with  several  of  his  methods  employed  on  this 
test,  and  also  do  not  feel  that  the  two  tests  are  comparable  in 
any  way,  the  reasons  for  which  I  shall  endeavor  to  show. 

The  indicator  cards  have  all  been  traced,  which  seems  to 
me  to  involve  a  tremendous  amount  of  unnecessary  labor  and 
introduces  a  considerable  inaccuracy.  It  is  manifestly  an  ex¬ 
ceedingly  difficult  proposition  to  accurately  trace  the  curves 
produced  by  an  indicator  on  a  reversing  mill  engine,  which  is 
especially  true  in  the  case  of  the  closed  diagram  cards.  The 
closed  diagram  indicators  used  by  Mr.  Coryell  were  of  very 
short  stroke  with  the  cards  spaced  very  close  together,  thus 
greatly  increasing  the  difficulty  of  tracing,  as  done  by  Mr.  Cor¬ 
yell.  In  the  case  of  the  open  diagram  indicators,  this  tracing 
would  be  a  much  simpler  proposition,  although  I  feel  it  to  be 
subject  to  a  considerable  error  for  actual  determination. 

From  the  set  of  cards,  (which  I  had  the  privilege  of  seeing 
at  the  time  of  making  the  test)  I  am  at  a  loss  to  know  how 
tracings,  such  as  Mr.  Coryell  shows,  can  be  obtained.  The  cards 
as  traced,  are  all  of  approximately  the  same  length,  which  would 
be  a  very  difficult  thing  to  obtain  using  indicators  of  three 
different  styles,  as  Mr.  Coryell  did.  The  cards  as  plotted, 
appear  as  though  in  tracing  all  cards  were  reduced  to  approxi¬ 
mately  the  same  scale  in  order  to  simplify  calculations.  This 
is  certainly  a  difficult  and  dangerous  procedure.  In  the  case 
of  the  closed  diagram,  the  two  strokes,  of  course,  should  be  of 
different  lengths. 

If  the  lengths  as  exhibited  of  the  low  pressure  cards,  taken 
with  closed  diagram  indicators,  are  checked,  it  will  be  noted  that 
the  difference  in  length  of  the  two  strokes  is  practically  negli¬ 
gible,  which  would  clearly  manifest  the  great  difficulty  in  trac¬ 
ing  the  cards,  due  to  their  very  close  spacing.  The  average  of 
the  difference  in  length  not  being  more  than  a  sixty-fourth  of 
an  inch,  as  measured  directly  from  the  cards  which  Mr.  Coryell 
shows.  From  these  facts,  it  will  be  seen  that  it  would  be  prac¬ 
tically  impossible  to  plot  the  cards  and  have  them  in  any  way 
accurate  as  a  true  representation  of  the  operation  of  the  engine. 

Referring  to  the  high  pressure  cards,  Mr.  Coryell  states 
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• 

that  all  high  pressure  cards  were  taken  on  open  diagram  indi¬ 
cators.  I  notice  that  the  high  pressure  cards  are  not  of  abso¬ 
lutely  uniform  length,  which  would  tend  to  show  either  that  the 
indicators  were  not  operating  properly,  or  that  the  cards  have 
been  distorted  in  tracing,  as  the  open  diagram  cards  should  all 
be  of  an  equal  length.  These  discrepancies  in  the  lengths  of  cards 
must  certainly  represent  a  considerable  error, — either  in  re¬ 
plotting  or  due  to  the  instruments  not  working  properly. 

Mr.  Coryell  states  that  the  engine  and  mill  were  running 
under  normal  conditions.  He  also  speaks  of  their  being  “some” 
delay  caused  by  the  mill  running  on  reheated  steel.  This  delay 
was  such  that  at  no  time  was  the  mill  being  operated  at  maxi¬ 
mum  capacity,  as  a  very  small  number  of  ingots  only  were 
rolled  during  the  entire  day.  The  operating  conditions  were 
such  that  on  each  ingot  the  engineer  had  ample  time  to  operate 
the  mill  to  the  best  possible  advantage  for  consuming  the  least 
power  in  stopping  the  engine  as  the  ingots  were  handled  with 
a  considerable  interval  between  each  two.  This  condition,  I 
believe,  accounts  for  the  few  number  of  strokes,  as  the  work  of 
rolling  could  be  used  for  retarding  the  moving  parts  without 
impairing  the  speed  of  production. 

In  general,  Mr.  Coryell’s  method  of  calculating  this  test 
is  similar  to  that  used  in  calculating  the  test  of  the  Youngs¬ 
town  Sheet  &  Tube  Company,  but  the  results  are  certainly  not 
comparable,  as  one  engine  is  run  condensing  and  the  other  run 
noncondensing,  the  size  of  the  ingots  are  not  the  same,  and  the 
Sheet  &  Tube  engine  was  rolling  with  a  much  greater  number 
of  elongations. 

Mr.  Coryell  states  that  about  10  deg.  Fahr.  of  superheat 
was  used.  As  superheat  may  effect  the  accuracy  of  the  steam 
consumption,  it  would  be  well  if  he  had  given  an  accurate  num¬ 
ber  of  degrees  of  superheat  as  measured  by  the  calorimeter.  This 
however,  it  will  be  noticed,  has  not  been  done. 

In  describing  the  valve  gear,  the  advantage  of  retaining 
the  high  receiver  pressure  for  plugging,  due  to  the  closing  of 
the  valves,  is  mentioned.  While  it  is  advantageous  to  conserve 
this  pressure  for  retarding  the  engine,  I  do  not  feel  that  any 
excess  in  pressure  is  conserved  by  this  means  over  what  would 
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be  the  case  with  an  engine  running  at  a  high  rate  of  production 
making  reversals  quickly  and  using  this  steam;  immediately 
following  large  power  strokes. 

It  is  unfortunate  that  Mr.  Coryell  has  not  shown  any  dead 
center  markings,  as  they  will  definitely  locate  the  points  of 
reversal  and  eliminate  any  possibility  of  error. 

As  no  record  of  seconds,  or  one  of  entering  and  leaving  the 
rolls  are  indicated,  it  is  also  impossible  to  check  the  rolling 
time  by  this  method.  It  would  be  exceedingly  valuable  if  a 
proper  record  from  the  magnets  on  the  indicators,  or  from  the 
chronograph,  were  available,  as  it  would  then  be  possible  to 
study  and  actually  determine  the  action  and  effect  of  the  valve 
gear  and  mechanism  used  in  operating  this  engine  to  produce 
the  exceptionally  good  results,  as  claimed  by  Mr.  Coryell,  from 
the  indicator  cards  alone.  We  believe  that  these  further  records 
are  quite  indispensable  in  making  such  a  test  in  order  to  have 
the  results  absolutely  checked  and  of  actual  value. 

It  is  unfortunate  that  Mr.  Coryell  has  not  plotted  a  curve 
of  steam  per  ton  per  unit  of  elongation.  If  this  curve  is  plotted 
for  each  pass,  a  very  good  check  on  the  steam  is  made,  as  the 
curve  should  be  smooth  and  the  steam  consumption  can  thus 
be  traced  for  the  whole  operation. 

In  comparing  the  Brier  Hill  engine  with  The  Sheet  &  Tube 
engine,  Mr.  Coryell  has  apparently  lost  sight  of  the  fact  that  the 
Brier  Hill  engine  was  rolling  with  7.07  elongations,  while  the 
other  engine  was  rolling  10.75  elongations.  The  length  of  the 
finished  piece  at  Brier  Hill  was  approximately  40  feet,  while 
the  length  of  finished  piece  at  the  Sheet  &  Tube  was  51  feet. 
It  is  thus  seen  that  the  Sheet  &  Tube  engine  used  2.25  revo¬ 
lutions  per  foot  of  finished  length  of  piece  for  10.75  elongations, 
while  the  Brier  Hill  engine  used  2.36  revolutions  per  foot  of 
length  of  finished  piece  for  7.07  elongations.  This  alone,  would 
seem  to  be  a  decided  indication  of  a  much  faster  mill  in  the 
case  of  the  Sheet  &  Tube  engine,  as  the  rolls  used  on  both  mills 
are  of  practically  the  same  dimension, — the  body  of  the  roll 
being  approximately  the  same. 

Mr.  Coryell  speaks  of  the  mill  having  rolled  50  ingots  per 
hour.  The  Sheet  &  Tube  engine  has  rolled  55  ingots  per  hour, 
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the  ingots  being  larger  than  those  handled  at  Brier  Hill. 

The  total  work  expended  per  ingot  will  be  seen  to  be  15 
percent  less  in  the  case  of  the  Brier  Hill  engine  than  in  the 
case  of  the  Sheet  &  Tube  engine.  The  elongations  for  the  Sheet 
&  Tube  ingot  are  34.3  percent  more  than  for  the  Brier  Hill 
ingot.  It  is  thus  seen  that  34  percent  more  elongations  are 
produced  with  15  percent  more  work,  or  the  mill  appears  to  be 
a  more  efficient  one.  Mr.  Coryell  does  not  calculate  the  num¬ 
ber  of  cubic  inches  of  displacement,  as  he  is  an  advocate  of  the 
hyperbolic  logarithm  formula.  The  discussion  of  this  question 
can  be  found  in  Vol.  29,  No.  8,  of  the  Proceedings  of  this  So¬ 
ciety.  We,  however,  have  displaced  a  much  greater  quantity 
of  metal  per  foot  of  ingot  rolled  than  has  been  displaced  by  the 
Brier  Hill  engine,  as  our  ingot  was  18 y2  X  20  average  and 
rolled  to  4 ~/s  X  71/2,  while  his  ingot  was  18  X  20  average  and 
rolled  to  TtV  X  7^4,  the  amount  of  metal  to  be  displaced  in  the 
former  case  being  much  more  than  in  the  latter. 

It  is  interesting  to  note  that  the  coefficient  of  the  Brier 
Hill  mill  is  17  300  while  the  coefficient  of  the  Sheet  and  Tube 
mill  is  13  700.  Mr.  Coryell  explains  that  this  high  coefficient 
is  due  to  reheated  ingots  not  being  sufficiently  hot  at  the  cen¬ 
ter.  In  the  early  part  of  his  paper  he  also  speaks  of  the  pyro¬ 
meter  readings  being  evidently  in  error,  and,  therefore,  no  tem¬ 
peratures  are  available. 

Mr.  Coryell  doesi  not  feel  that  the  Hallwach’s  meter  as 
used  by  us  is  sufficiently  accurate  as  he  feels  that  the  readings 
are  proportionate  to  the  square  root  of  the  mean  height  of  the 
mercury  column  and  not  to  the  mean  of  the  square  root  of  the 
height.  Mr.  Coryell’s  assumption  in  this  respect  is  wrong  as 
applied  to  the  meter  which  we  use.  The  meter  is  so  constructed 
that  the  height  of  the  mercury  in  the  manometer  tube  is  not 
recorded  on  the  chart,  but  the  height  of  the  ordinates  on  the 
chart  are  proportionate  to  the  quantity  of  steam  flowing.  There¬ 
fore,  the  mean  height  of  the  chart  represents  the  mean  quantity 
of  steam  flowing  and  not  the  mean  height  as  suggested  by  Mr. 
Coryell.  The  quantities  which  Mr.  Coryell  adds  to  the  steam 
determined  from  the  indicator  cards  for  condensation,  must  be 
estimations  which  we  grant  are  more  or  less  scientific.  I  w’ould 
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ask,  however,  how  Mr.  Coryell  is  to  check  these  constants  if  a 
steam  meter  is  not  used?  The  difficulty  of  checking  these  by 
means  of  a  condenser  will  readily  be  appreciated  when  the  size 
of  the  engine  under  consideration  is  considered. 

We  have  checked  the  coefficients  as  applying  to  our  engine 
by  means  of  a  steam  meter  and  find  that  they  are  quite  correct. 
If  Mr.  Coryell  feels  that  his  coefficients  are  absolutely  accurate, 
he  has  checked  our  meter;  we  however,  feel  that  the  meter  is 
accurate  and  we  have  checked  Mr.  Coryell’s  coefficients  for  the 
Sheet  and  Tube  engine,  while  we  do  not  feel  that  we  have  any 
check  for  the  Brier  Hill  coefficients,  as  no  meter  was  used  and 
it  is  highly  probable  that  no  two  engines  require  the  same  dia¬ 
gram  coefficients.  We  do  not  feel  that  condenser  tests  from  a 
barometric  or  any  type  of  jet  condenser  are  reliable  when  ap¬ 
plied  to  a  reversing  engine.  The  conditions  change  so  rapidly 
that  it  is  manifestly  impossible  to  obtain  sufficiently  accurate 
temperature  measurements.  This  is  also  true  of  water  quan¬ 
tity  measurements  for  the  quantity  of  water  flowing  varies  with 
each  slight  change  of  pressure  in  the  condenser.  This  question 
has  been  mentioned  in  the  leading  paper;  the  check  in  that 
case  as  found  did  not  correspond  with  the  quantity  of  steam 
measured,  but  was  only  fairly  accurate  even  when  all  possible 
refinements  of  measurement  had  been  made. 

I  am  at  a  loss  to  know  why  steam  cannot  be  discharged 
back  into  the  steam  chest,  as  the  pressure  in  this  chest  is  con¬ 
trolled  by  the  throttle  valve  and  not  by  the  boiler  pressure, 
which  Mr.  Coryell  assumes  to  be  the  case.  If  the  condensation 
of  steam  is  charged  on  the  working  strokes  only,  this  would 
appear  to  be  all  that  is  necessary,  for  in  the  plugging  or  com¬ 
pression  strokes  mentioned  by  Mr.  Coryell  the  steam  is  operat¬ 
ing  in  a  closed  cycle  of  compression  and  re-expansion,  so  that 
excluding  radiation,  which  will  be  small,  the  condensation  and 
reevaporation  should  be  equal.  We,  therefore,  do  not  feel  that 
the  condensation  on  plugging  strokes  should  be  charged. 

As  regards  the  20  percent  credit  to  the  Brier  Hill  engine, 
it  must  be  remembered  that  this  is  only  a  justifiable  credit  in 
case  all  the  heat  from  the  engine  exhaust  can  be  used  for  boiler 
feed  water.  If  this  steam  can  be  successfully  used  in  heating 
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the  feed  water,  the  credit  is  a  proper  one.  In  this  plant  a 
large  amount  of  steam  is  wasted  to  the  atmosphere,  so  that  it 
is  rather  a  difficult  question  to  determine  how  much  credit  is 
justly  due  for  this  feed  water  heat. 

By  making  a  direct  comparison  of  the  Sheet  and  Tube 
engine  at  7.07  elongations  with  the  Brier  Hill  engine,  charging 
the  Youngstown  engine  for  auxiliary  steam,  it  is  found  that  6.2 
lb.  per  ton  less  steam  is  consumed  in  the  Sheet  and  Tube  en¬ 
gine  than  in  the  Brier  Hill  engine.  This  is  making  a  direct 
comparison  on  elongations  alone  without  regard  to  displacement 
which  is  greater  in  the  former  than  is  the  case  in  the  latter 
engine.  The  value  of  steam  consumption  as  found  for  the  Sheet 
and  Tube  engine  by  means  of  a  large  number  of  steam  meter 
tests  is  clearly  shown  in  our  Fig.  29. 

To  sum  up  the  comparison  of  these  engines,  I  would  sub¬ 
mit  tabulation  as  follows,  giving  the  figures  as  presented  by 
Mr.  Coryell  and  also  the  Sheet  and  Tube  figures,  corrected,  as 
described  above,  and  the  Sheet  and  Tube  figures  for  7.07  elonga¬ 
tions  determined  from  curves  plotted. 


ENGINE 


Y. 


Size  of  Ingot  (Average) . 

No.  of  elongations . 

Total  No.  of  strokes  per  ingot... 
No.  of  plugging  strokes  per  ingot 

Length  of  ingot,  Ft . 

Length  of  finished  piece,  Ft . 

Strokes  per  ft.  finished  length... 

Total  work  expended,  Ft.  lb . 

Work  used  in  rolling,  Ft.  lb . 

Time  of  rolling  ingot . 

Ingots  per  hr . . 


Coefficient  C  =  -Wr°r*  (in  iL 

A  L  Hyp.  Log  (A-ha) 

Total  lb.  steam  per  ingot . 

Weight  of  ingot  (tons)  . 

Pounds  steam  per  gross  ton  steel . 

Pounds  steam  for  auxiliaries . 

Total  lb.  steam  per  ton  steel . 


S.  &  T.  Co.  Y.  S.  &  T.  Co. 

18J4  X  20J4  1854  X  2054 

7.07 


10.75 

115 

45.5 
4.75 

51 

2.25 

110  409  000 
58  615  000 
85 
55 

13  700 

1  471 
2.56 
533 

10.6 

543.6 


4.75 

33.6 

72  700  000 
38  600  000 


10  940 

1  126 
2.56 
438 
8.8 
446.8 


Brier  Hill 

Steel  Co. 

18  X  20 
7.07 
94 
30.6 
5.63 
40 
2.36 

93  000  000 

68  335  000 
80 
50 

17  300 

1  272.5 
2.81 

453 

453 


As  mentioned  by  Mr.  Coryell,  a  sincere  effort  should  be 
made  to  report  engineering  facts  in  such  a  way  as  to  increase 
the  total  information  available  upon  a  given  subject. 

In  the  leading  paper,  as  well  as  discussions  thereof,  and  the 
replies  to  these  discussions,  I  believe,  a  sincere  effort  has  been 
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made  to  report  all  facts  and  details  in  such  a  way  that  the 
engineering  profession  at  large  may  be  benefited.  The  dis¬ 
cussions  and  the  replies  to  them  have  all  been  given  with  ex¬ 
treme  care  and  forethought,  so  that  any  one  interested  in  the 
subject  may  analyze  the  data  and  form  satisfactory  conclusions 
of  the  facts  as  discussed. 

As  mentioned  by  Prof.  Trinks,  The  Youngstown  Sheet  & 
Tube  Company  engine  was  tested  with  extreme  care.  The 
methods  used,  both  in  testing  and  calculating  the  results,  were 
carefully  discussed  and  the  advisibility  of  their  use  conscien¬ 
tiously  determined  before  they  were  adopted.  The  engineers 
concerned  in  this  test,  therefore,  have  certainly  used  their  best 
efforts  to  produce  reliable  data  of  value  to  the  profession. 

It  is  most  unfortunate  that  Prof.  Trinks  and  Mr.  Coryell, 
each  of  whom  represent  engine  builders,  and  can,  therefore, 
hardly  be  clsssed  as  impartial  judges  upon  the  subject,  should 
have  entered  into  a  controversy  concerning  such  minor  details. 

The  results  of  the  tests  as  given  are  presented  simply  at 
their  face  value,  and  it  has  never  been  the  intention  of  the 
author  to  advocate  any  special  scheme.  It  has  been  his  ob¬ 
ject  solely  to  present  the  methods  which  he  has  used  and  the 
results  which  he  has  obtained  in  the  hope  that  they  may  be  of 
some  slight  assistance  to  further  investigators  along  thi3  line. 
In  the  replies  of  discussions  presented,  the  author  has  en¬ 
deavored  to  present  in  a  conscientious  and  scientific  manner  his 
views  and  the  results  of  his  experiments  as  applying  to  the 
questions  brought  out  by  the  several  gentlemen  in  their  dis¬ 
cussions  of  his  paper. 

The  writer  feels,  that  in  view  of  the  amount  of  discussion 
and  questions  which  have  been  raised  concerning  the  test  re¬ 
ported  in  the  leading  paper,  the  necessity  for  a  suitable  com¬ 
mission  to  settle  such  points  and  definitely  determine  the  proper 
methods  is  further  emphasized.  If  it  is  within  the  power  of 
this  Society,  we  feel  that  the  suggestion  made  by  one  of  the 
members  is  a  most  admirable  one,  and  that  such  a  commission 
could  doubtless  avoid  controversies,  such  as  have  arisen  at  this 
time,  and  thereby  obtain  data  which  would  be  comparable  in 
every  way  and  of  greater  value  to  future  investigators. 


RAILWAY  CLASSIFICATION  YARD 

LIGHTING 


By  D.  P.  Morrison* 


Among  the  many  problems  peculiar  to  railroad  operation, 
the  process  of  sorting  cars  and  their  consolidation  into  trains, 
as  carried  on  in  what  are  termed  classification  yards,  is  a 
problem  of  the  first  magnitude  of  importance  and  interest. 

The  present  practice  is  to  perform  this  work  in  what  are 
known  as  gravity  or  hump  yards,  and  for  the  sake  of  a  full 
understanding  of  the  problem  which  is  the  subject  of  this  paper, 
a  brief  description  of  such  a  yard  and  its  operation  will  be 
profitable.  Typical  modern  yards  are  shown  in  Figs  1  and  2. 

The  essential  elements  are :  First,  a  lead,  of  sufficient  length, 
to  accommodate  the  longest  train,  approaching.  Second,  the 
Hump  or  summit,  which  is  so  arranged  as  to  height  and  grade 
as  to  give  the  “cut”  consisting  of  one  or  more  cars,  usually  not 
more  than  three,  the  proper  acceleration  to  cause  it  to  clear  the 
train  and  to  carry  it  to  its  destination  down  (third)  the  ladder 
and  into  (fourth)  the  bodytracks  upon  which  the  train  of  which 
it  is  to  be  a  part  is  being  assembled. 

The  distance  from  the  summit  to  the  end  of  the  ladder 
track  may  be  from  800  to  1500  feet,  according  to  the  number  of 
bodytracks  into  which  it  leads.  The  grade  varies  from  2.0  to 
0.1  percent,  some  cases  may  be  4.0  percent,  according  to  cir¬ 
cumstances,  and  is  usually  sufficient  to  give  the  cut  a  maximum 
speed  of  about  four  miles  per  hour.  The  end  of  the  ladder 
and  the  branches  being  on  a  grade  of  about  0.1  percent,  or  just 
sufficient  to  keep  the  cut  in  motion. 

The  process  of  operation  is  as  follows:  The  train  to  be 
sorted  is  pushed  up  the  lead  by  a  locomotive  at  its  far  end,  and 
when  the  car  to  be  handled  is  just  surmounting  the  summit  it 
is  cut  from  the  train,  and,  quickly  gathering  headway  on  the 
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comparatively  steep  portion  of  the  hump,  runs  away  from  the 
train,  thus  making  proper  spacing  between  adjacent  cuts.  Be¬ 
fore  leaving  the  summit,  each  cut  is  manned  by  a  rider  who 
stands  at  the  brake  and  whose  duty  it  is  to  ride  the  car  until  it 
lias  reached  its  destination  on  a  bodytrack,  controlling  its  speed 
by  means  of  the  handbrake,  so  that  it  approaches  the  adjacent 
car  with  only  sufficient  speed  to  properly  couple. 

From  the  views  shown  of  typical  yards  it  will  be  seen  that 
the  physical  extent  may  be  very  considerable,  amounting  to 
several  thousand  feet  in  length  and  150  to  500  feet  in  breadth. 

It  will  be  seen  also  that  the  engineers  have  not  been  guilty 
of  wasting  much  space  which  could  profitably  be  used  by  the 
illuminating  engineer,  and  it  is  this  lack  of  space  for  lamp  lo¬ 
cation  which  presents  the  most  formidable  phase  of  the  entire 
problem.  As  the  night  work  in  such  a  yard  is  as  important  as 
the  daylight  work,  it  is  evident  that  a  satisfactory  system  of 
artificial  illumination  is  most  desirable. 

The  problem  can  be  briefly  stated  as  follows : 

First :  Such  illumination  of  hump  slope  and  ladder  tracks 
as  will  be  sufficient  to  render  cars  thereon  visible  at  summit  and 
in  case  of  yards  in  which  switches  are  operated  mechanically 
to  enable  the  towerman  to  have  clear  vision  of  the  ladder  and 
switches. 

Second :  To  uniformly  illuminate  all  portions  of  the  body 
of  the  yard  so  that  a  rider,  coming  off  the  hump,  will  be  able 
to  see  any  car  on  the  track  ahead  of  him  at  a  sufficient  distance 
to  properly  reduce  its  speed  before  striking  it. 

Third :  The  light  must  strike  cars  and  tracks  at  such  angles 
and  from  such  directions  as  will  obviate,  to  the  fullest  extent, 
the  formation  of  dark  shadows  which  would  prevent  sight  of 
cars  ahead  by  the  rider. 

Fourth :  The  light  must  be  so  directed  as  to  avoid,  as  com¬ 
pletely  as  possible,  any  reduction  of  the  rider’s  eye  efficiency 
on  account  of  glare. 

In  the  above  enumeration  no  mention  has  been  made  of  in¬ 
tensity  of  illumination,  as  practice  indicates  that  a  very  low 
intensity,  if  fairly  uniform  and  without  shadows,  is  entirely 
satisfactory ;  in  fact  low  intensity  does  not  constitute  failure 
and  a  fair  measure  of  allowable  minimum  intensity  can  be  ar- 


Fig.  1  Classification  Yard  at  Godfrey.  Illinois.  Chicago.  Milwaukee  &  St.  Paul  Railway. 


sc/us  or  reer. 


Fig.  2.  East  Bound  Yard  System  at  Brunswick,  Maryland.  Baltimore  &  Ohio  Railroad. 
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rived  at  when  it  is  known  that  good  moonlight  permits  satis¬ 
factory  operation. 

The  conditions  of  present  practice,  as  has  been  recognized 
for  some  time,  leaves  much  to  be  desired ;  so  much  so,  that  some 
companies  have  refrained  from  attempting  the  lighting  of  these 
yards,  believing  that  a  yard  poorly  lighted  is  more  dangerous 
than  a  dark  yard.  In  fact,  I  have,  myself,  been  told  by  riders 
that  they  preferred  to  work  in  a  dark  yard  than  in  some  yards, 
the  lighting  installation  in  which  must  have  cost  many  thou¬ 
sand  dollars.  It  may  safely  be  said,  therefore,  that  the  state  of 
the  art,  as  regards  railroad  yards,  is  no  further  advanced  than 
it  is  in  connection  with  street  lighting  which  is  as  yet,  with 
comparatively  few  exceptions,  lacking  in  all  the  features  of  good 
engineering.  A  good  understanding  of  the  short  comings  of 
present  installations  will  clearly  suggest  itself  to  any  one  who 
has  driven  a  carriage  in  almost  any  of  our  suburban  streets  or 
country  highways,  under  the  usual  condition  of  artificial  light¬ 
ing. 

As  being  the  only  illuminant  of  high  candle  power  which 
was  available  until  within  a  very  few  years,  the  ordinary  arc 
lamp  was  naturally  selected  for  such  installations.  This  has,  in 
many  cases,  been  replaced  by  improved  types,  but  with  similar 
spacing  and  mounting.  In  some  yards  in  which  the  enclosed 
arc  was  originally  placed  may  now  be  found  the  magnetite  or 
other  metal  flame  lamp  placed  on  the  same  poles  and  at  prac¬ 
tically  the  same  height  as  the  lower  candle  power  lamp,  a  pro¬ 
cedure  which  must  aggravate  an  already  bad  condition  on  ac¬ 
count  of  the  greater  glare  resulting.  In  at  least  one  yard  an 
attempt  has  been  made  to  accomplish  the  desired  result  by 
means  of  a  powerful  search  light  installed  at,  or  near,  the  sum¬ 
mit  and  directing  its  rays  down  into  the  yard.  It  is  no  secret 
among  railroad  men  that  the  results  from  this  installation,  while 
very  good  in  certain  respects,  are  nevertheless  so  unsatisfactory 
as  to  have  prevented  its  duplication  in  any  other  yard.  The 
point  of  failure  in  this  scheme  is  the  excessive  glare,  especially 
while  the  men  are  returning  to  the  summit,  on  account  of  which 
their  eye  efficiency  is  seriously  impaired.  Failure  would  also 
result  in  curved  yards,  on  account  of  shadows. 

On  account  of  the  unsatisfactory  results  from  installations 
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already  made,  it  is  not  surprising  that  no  attempt  toward  light¬ 
ing  has  been  made  in  connection  with  many  otherwise  modern 
yards.  In  the  case  of  the  P.  &  L.  E.  Railroad,  none  of  its 
classification  yards  had  been  lighted  prior  to  this  year.  For 
some  time,  however,  it  had  been  the  feeling  of  many  of  its 
operating  men  that  improvement  of  conditions  should  be  made 
and  a  study  of  the  problem  was  instituted.  With  the  require¬ 
ments  as  before  stated  as  a  basis,  and  with  the  plan  of  the  yard 
Fig-  3,  (the  "W  estbound  Classification  at  McKees  Rocks)  for 


Fig.  3.  West  Bound  Classification  Yard  at  McKees  Rocks,  Pa. 

Pittsburgh  &  Lake  Erie  Railroad. 

study,  it  was  seen  that  with  the  track  spacing  of  thirteen  feet, 
which  will  be  found  in  most  similar  yards,  the  support  design 
must  be  limited  to  suspension  wires  spanning  the  yard,  or  to 
poles  placed  on  the  outskirts  of  the  yard.  Two  tentative  plans 
therefore  were  worked  out,  the  latter  of  which  was  finally 
adopted  and  is  the  main  subject  of  this  paper.  The  first,  briefly 
described  for  comparison,  involved  the  use  of  150  watt  Tung¬ 
sten  lamps  in  enamel  steel  reflectors  spaced  60  ft.  apart  across 
the  yard,  and  150  ft.  apart  in  the  longitudinal  direction,  the 
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total  power  required  being  10  k.w.  These  lamps  were  to  be 
enclosed  in  45  deg.  angle  reflectors,  which  directed  the  light  to 
the  ground,  and  in  the  direction  of  car  movement.  They  were 
to  be  mounted  at  a  uniform  height  of  3 71/2  ft.  above  top  of  rail. 
Means  for  suspension  consisted  in  steel  catenary  cables  %  in. 
diameter,  attached  to  heavy  steel  or  concrete  poles,  45  ft.  in 
height,  on  each  side  of  the  yard.  The  design  of  course  included 
proper  means  of  support  of  lamps  and  conductors  to  the  cate¬ 
nary  and  means  for  inspection,  renewal  and  repair  by  trolley 
sling  traveling  on  the  catenary.  The  results,  obtainable  by  this 


method,  probably  could  not  be  excelled  from  an  illuminating 
standpoint,  but  the  plan  was  given  up  on  account  of  high  initial 
cost,  heavy  current  consumptions  and  very  uncertain  mainten¬ 
ance  and  repair  costs.  The  second  plan,  which  was  based  on  the 
use  of  high  mounted  lights,  takes  us  back  to  the  ancient  days 
of  street  lighting  and  was  the  natural  outcome,  and  the  final 
details  followed  from  a  study  of  the  angles  involved,  as  shown 
in  Fig.  4.  An  examination  of  this  diagram  indicated  that  with 
a  yard  270  ft.  in  width,  accommodating  twenty-two  tracks  on 
thirteen  foot  centers,  a  unit  would  have  to  be  mounted  at  a 
height  of  120  feet  to  begin  to  be  effective  under  the  worst  con¬ 
dition  of  spotting,  which  was  assumed  to  be  as  follows : 
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A  flat  car  42  in.  above  top  of  rail  in  the  center  of  yard 
with  14  foot  box  cars  on  each  side  between  it  and  the  nearest 
lamps.  From  the  diagram  it  will  be  observed  that  a  lamp  so 
placed  will  light  but  a  portion  of  the  car,  but  on  the  other  hand 
it  does  not  take  into  account  any  possible  addition  to  the  direct 
light  by  reflection  from  other  objects,  and  experience  has  shown 
that,  with  such  condition,  no  car  can  be  entirely  in  shadow.  On 


Fig.  5.  Light  distribution  curves  from  quartz  tube  mercury  arc  lamp. 

account  of  the  extra  height  and  cost  involved,  it  was  decided  to 
limit  the  mounting  height  to  100  feet,  which  gives  the  result 
shown  in  diagram  in  solid  line.  The  condition  resulting  is 
further  improved  by  the  light  from  units  at  the  head  of  the 
yard  which  tends  to  strike  the  car  end  on  account  of  the  shape 
and  curvature  of  the  yard. 

With  a  mounting  design  as  above,  the  question  of  a  suitable 
illuminant  was  of  next  importance.  At  the  time  of  completion 
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of  design,  choice  was  limited  to  two  or  three  units,  namely,  the 
flaming  arc  lamp,  the  quartz  tube  mercury  arc,  with  a  possible 
alternative  of  clusters  of  incandescent  lamps  or  medium  candle 
power  arcs.  The  advent  of  the  nitrogen  filled  incandescant 
lamps  offers  another  alternative  at  the  present  time.  On  ac¬ 
count  of  various  factors,  which  need  not  be  enlarged  upon,  choice 
was  made  of  the  quartz  tube  lamp,  one  being  installed  on  each 
of  eight  towers.  The  curve  of  distribution  of  this  lamp  (Fig. 
5)  with  ordinary  downward  reflector,  indicates  a  maximum  in¬ 
tensity  at  foot  of  pole  of  0.  4  foot  candle  with  a  minimum  0.015 
foot  candle  from  each  of  at  least  two  lamps,  and  an  average  over 


the  entire  yard  of  0.165.  It  is  evident  that  from  the  standpoint 
of  uniformity,  this  leaves  much  to  be  desired,  (see  Fig.  6), 
but  tests  indicated  that  the  minimum  value  was  sufficient  for 
satisfactory  work  and  the  distances  were  so  great  that  unequal 
intensities  would  not  be  objectionable,  in  fact  hardly  noticeable, 
and  therefore  no  attempt  was  made  to  develop  a  reflector  for  this 
particular  unit  which  would  give  the  same  flexibility  of  light 
control  obtainable  with  incandescent  lamps.  These  lamps,  as 
hung,  consume  3%  amperes  at  225  volts,  or  approximately  800 
watts  each,  totaling  6650  watts  for  the  entire  yard,  including 
one  250  watt  Mazda  lamp  placed  near  the  top  of  the  knuckle. 
This  is  equivalent  to  75  square  feet  per  watt  (0.133  watt  per 
square  foot). 

The  towers  involved  no  particularly  new  problems,  the  de- 
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sign,  being  very  similar  to  towers  of  equal  height,  commonly 
used  in  high  tension  transmission  service.  Certain  features 
were  added,  however,  out  of  deference  to  “Safety  First”,  in¬ 
cluding  a  ladder  from  the  ground  up  and  terminating  in  a  small 
platform  at  the  top,  surrounded  by  a  railing  3y2  feet  high.  This 
platform  is  entered  from  beneath  through  a  hinged  door,  which, 
when  lowered,  forms  the  floor.  It  is  protected  on  all  sides  by 
an  angle  iron  with  one  side  vertical  which  forms  a  foothold  for 
the  operator  so  that  he  can  work  with  full  protection  when  hang¬ 
ing  or  adjusting  the  lamp.  The  lamps  were  suspended  from 
cut  out  hangers  to  further  protect  against  frequent  trips  to  the 
top. 

The  towers  are  made  of  structural  steel  angles  and  bars 
and  are  figured  for  wind  stresses  only.  They  are  made  of  a 
tapering  square  section  12  ft.  at  the  base  and  one  foot  at  the 
top  on  each  side,  see  Fig.  7.  They  have  been  designed  using  a 
double  cancellation  system  of  bracing  on  each  side. 

The  sections  of  steel  work  are  possibly  heavier  than  neces¬ 
sary  but  it  was  thought  best  to  use  ample  steel  sections,  especial¬ 
ly  in  view  of  the  fact  that  a  railroad  yard  is  a  place  where  the 
steel  work  must  necessarily  be  subject  to  rapid  corrosion. 

These  towers  are  made  up  in  three  sections;  the  lower  sec¬ 
tion  being  shipped  out  entirely  knock-down  from  the  shop ;  the 

I  middle  section  was  shipped  with  two  sides  riveted  up  complete, 
the  bracing  and  the  other  two  sides  shipped  loose;  the  top  sec¬ 
tions  were  shipped  completely  fabricated  from  the  shop.  Each 
corner  of  the  tower  is  anchored  to  the  foundation  with  two  1J4 
in.  bolts,  -each  foundation  requiring  about  5  cu.  yds.  of  concrete. 
The  towers  were  shipped  to  the  yards  in  the  condition  mentioned 
above  and  assembled  complete  on  the  ground  each  on  its  side 
between  the  railroad  tracks  at  foundation  sites. 

There  are  three  horizontal  sets  of  diagonal  bracing  at  three 
intermediate  points  of  the  tower.  This  bracing  was  placed  to 
hold  the  tower  rigidly  square  and  also  to  assist  in  the  erection. 
It  was  found  that  they  were  quite  stiff  and  could  be  handled 
by  being  raised  from  one  point  without  any  danger  of  bending. 
With  a  little  additional  wood  bracing  and  wood  protection  be¬ 
neath  the  wire  cable  they  were  picked  up  by  a  locomotive  crane 
with  70  ft.  boom  at  a  point  about  60  ft.  from  the  base.  As  the 
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towers  were  lying  parallel  with  the  railroad  track,  the  locomotive 
crane  was  run  to  a  position  where  the  boom  could  be  set  nearly 
straight  up  and  the  tower  raised  with  the  boom  in  a  fixed  po¬ 
sition  and  the  crane  moved  on  the  track  as  the  tower  was  brought 
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in  an  upright  position.  Each  tower  with  its  ladder,  platform 
and  brackets  complete  weighs  approximately  13,100  pounds. 

While  the  costs  of  such  an  installation  were  necessarily 
large  and,  even  though  it  did  exceed  the  estimate,  they  were  not 
excessive,  and  I  believe  are  less  than  the  same  results  can  be  ob¬ 
tained  for  in  any  other  manner.  If  for  this  yard  had  been 
used  a  system  such  as  is  in  use  on  one  well  known  road,  there 
would  have  been  required  at  least  fifty  flaming  arcs  on  50  ft. 
poles,  which  would  probably  have  cost  not  less  than  six  thousand 
dollars,  erected.  The  current  consumption  would  have  been  25 
k.w.  instead  of  6y2,  and  the  attendance  and  maintenance  would 
be  correspondingly  greater.  It  is  certain  that  any  catenary  con¬ 
struction  would  have  amounted  to  more  in  first  and  operating 
costs.  The  actual  costs  for  the  entire  system,  including  local 
distributing  circuits,  but  not  including  mains  from  power  house 
which  were  already  available  were  as  follows: 

Lamps,  Distributing  Poles,  Wire  &  Electric  Labor  $1256.00 

Foundations,  Towers,  Engineering  &  Incidentals  6429.00 


$7685.00 


Number  of  Units 
Unit  Cost 


8 

$854.00 


Fig.  8  shows  view  of  the  McKees  Rocks  yard  and  Fig.  9 
a  view  of  the  same  yard  at  night. 

In  discussing  results,  it  must  be  borne  in  mind  that  the 
experience  of  the  operators,  as  far  as  their  work  on  the  P.  & 
L.  E.  R.  R.  was  concerned,  had  been  entirely  in  dark  yards. 
Their  relief  at  any  improvement  in  that  condition  could  not 
help  but  reflect  credit  on  the  change.  As  an  indication,  however, 
tnat  their  attitude  was  not  originally  biased  in  favor  of  the 
system,  it  may  be  of  interest  to  note  the  remark  of  one  rider 
when  informed  that  the  service  was  to  be  tried  out  on  a  cer¬ 
tain  night,  “Well,  I  guess  I  will  come  down  and  see  you  fellows 
make  fools  of  yourselves”.  From  this  remark  it  can  be  under¬ 
stood  that  any  criticism  which  would  occur  to  the  operators 
would  not  be  suppressed  for  fear  of  hurting  the  feelings  of  the 
engineering  force.  A  careful  watch  of  results  has  been  kept  by 
the  operating  officials  in  charge  of  the  yard,  and  individual  re¬ 
ports  have  been  made  by  the  entire  night  force  of  riders.  Their 
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reports  have  not  been  without  some  criticism,  but  an  idea  of 
the  success  can  be  had  from  the  following  report : 

“Prior  to  this  installation,  trouble  was  experienced  in  keep¬ 
ing  men  on  the  knuckle,  but  at  the  present  time  the  jobs  are 
considered  among  the  best  in  the  yard.  This  crew  is  composed 
of  twelve  men  and  at  present  practically  all  of  the  positions  are 
filled  with  old  and  experienced  brakemen.  The  lights  as  they 
are  located  throw  no  shadows  and  a  greater  portion  of  the  time 
the  trainmen  work  without  lanterns.  There  is  a  peculiar  feature 


Fig.  8.  View  of  McKees  Rocks  yard  by  day  light. 

about  this  light  and  that  is,  that  during  the  fog  the  rays  appear 
to  penetrate  and  show  a  car  very  prominently.  The  lights  have 
been  recommended  by  every  trainman  that  has  ever  worked 
under  them.” 

It  has  been  interesting  to  note  the  ideas  of  the  men  as  ex¬ 
pressed  in  personal  conversation,  and  to  know  that  those  who 
have  vrorked  in  other  lighted  yards  are  satisfied  that  a  better 
working  condition  is  obtained  under  this  system  than  under  any 
with  which  they  are  familiar.  A  record  of  damage  to  property 
and  personal  injury  shows  a  natural  improvement.  IIow  this 
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compares  with  other  yards  is  a  matter  which  1  hope  may  be  en¬ 
larged  on  in  the  discussion. 

An  indication  of  the  benefit  from  this  standpoint  is  ob¬ 
tained  from  the  following  extract  of  a  report  issued  recently. 

“As  an  illustration  of  the  benefits  derived,  during  the 
month  of  April,  1914,  we  had  nine  accidents,  damaging  equip¬ 
ment  to  $557.00.  Although  the  lights  were  in  use  but  a  short 
time  in  May,  the  accidents  showed  a  decrease  as  to  the  number 


Fig.  9.  View  of  McKees  Rocks  yard  by  night,  artificial  light. 

and  damage,  lor  the  month  of  June  we  had  six  accidents  and 
our  equipment  damaged  to  the  extent  of  $59.70’’. 


July  15.  Car  defective,  broken  coupler. 

July  25.  Sill  gave  way  when  car  was  coupled. 

August  5.  Crippled  car  broke  down.  P.  M. 

August  19.  Brake  ineffective.  P.  M. 

The  number  of  cars  sent  over  the  summit  in  September 
was  the  largest  on  our  records. 

In  closing,  a  word  should  be  spoken  regarding  the  matter 
of  glare  which  in  all  previous  attempts  at  yard  lighting  has 
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proven  the  feature  least  satisfactorily  solved.  I  believe  that 
one  of  the  chief  causes  of  the  success  of  this  installation  has  been, 
the  practically  complete  absence  of  annoying  glare,  which  quite 
easily  may  be  worse  than  darkness.  The  absence  in  this  case 
is  due  chiefly  to  the  great  height  of  the  lamps,  so  that  no  rays 
enter  the  eye  below  the  critical  angle,  66  deg.,  at  a  point  nearer 
than  225  feet,  as  well  as  to  the  nature  of  the  illuminant  itself. 
It  was  suggested  by  certain  gentlemen  who  were  making  an  in¬ 
spection  of  the  system  that  it  evidenced  a  good  deal  of  cour¬ 
age  to  make  such  an  installation,  with  lamps  at  such  a  great 
height.  Whatever  courage  may  have  been  exercised  was  dis¬ 
played  by  the  management  which  consented  to  the  expenditure, 
as  no  new  ideas  are  claimed  for  the  design,  but  simply  the  ap¬ 
plication  of  principles  and  practices  long  since  proven. 

It  is  to  be  hoped  that  this  description  of  what  one  company 
has  attempted  may  bring  about  a  consideration  of  the  problem 
among  the  railroads  and  engineers  sufficiently  wide  to  result 
in  a  complete  solution  of  this  troublesome  problem. 

In  closing  I  wish  to  acknowledge  the  assistance  of  the  fol¬ 
lowing  gentlemen  in  the  preparation  of  this  paper :  Mr.  J.  A. 
McEwen  of  the  Pittsburgh  Bridge  and  Iron  Co.,  Mr.  J.  L.  Minick 
of  the  Pennsylvania  Railroad,  Mr.  Harold  Kirschberg  and  the 
Coopei?  Hewitt  Electric  Company. 

DISCUSSION 

Mr.  A.  Stucki*  :  Judging  from  the  picture,  there  is  con¬ 
siderable  light  lost  in  an  upward  direction.  Can  this  not  be 
prevented  by  proper  screens?  Does  not  a  great  deal  of  light 
become  ineffective  on  account  of  the  high  position  of  the  lamps? 
I  remember  some  years  ago  this  very  trouble  in  one  of  the 
parks  was  overcome  by  lowering  the  lamps. 

Mr.  Morrison  spoke  about  the  difficulty  of  placing  the 
towers.  Since  the  posts  have  to  be  spread  for  stiffness,  has 
the  cpiestion  of  straddling  the  tracks  ever  been  considered  ? 

Tiie  Author:  In  regard  to  so  much  of  the  light  apparent¬ 
ly  going  up  that  is  due  more  to  the  picture  than  the  direc¬ 
tion  of  the  rays.  The  tube  has  a  rather  sharp  reflector  which 


^Consulting  Engineer,  Oliver  Building,  Pittsburgh. 
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throws  the  light  downward.  It  is  in  the  shape  of  a  V  and  the 
skirts  come  down  a  little  below  the  center  of  the  tube,  which 
practically  throws  the  light  all  downward. 

In  regard  to  straddling  the  tracks :  The  towers  are  not 
wide  enough  at  the  base  to  straddle  the  tracks  and  there  is 
not  enough  space  between  the  tracks  to  place  the  legs  which 
would  have  to  be  between  the  tracks  as  there  is  barely  clear¬ 
ance  between  cars  now. 

Mr.  Henry  S.  Prichard:  Are  the  towers  galvanized? 

The  Author  :  No,  sir. 

Mr.  Samuel  E.  Duff*  :  I  would  like  to  ask  something 
about  the  cost  of  this  installation  and  also  the  continuous  ex¬ 
pense. 

The  Author:  The  total  cost  was  about  $7700  for  eight 
units,  $854  per  tower.  The  operating  cost  I  have  estimated 
as  follows :  During  the  last  four  months  they  have  been  in 
service  since  the  latter  part  of  May.  Covering  about  four  whole 
months  we  have  a  total  of  about  $110,  operating  cost,  which  in¬ 
cludes  about  $75  for  current.  And  there  were  inspection, 
cleaning  and  some  repairs  which  is  included.  Of  course,  we 
have  not  had  very  heavy  repairs  on  the  lamps  and  no  repairs 
on  the  towers.  I  think  you  can  count  on  repairs  being  small 
for  many  years. 

I  have  some  figures  on  lamp  service  so  far  and  I  expect 
to  get  4  000  hours  per  lamp.  The  representatives  of  the  lamp 
company  are  here  and  they  can  probably  state  what  they  are 
actually  getting  from  lamps  in  similar  situations. 

Mr.  Samuel  E.  Duff  :  What  I  wanted  to  say  may  not 
bear  directly  on  this  subject,  but  I  sight  back  about  25  years 
in  my  own  life  to  the  time  when  I  laid  out  and  constructed  a 
railroad  yard  under  totally  different  conditions.  What  strikes 
me  is  the  difference  in  construction  and  operation  of  that  yard 
compared  with  yards  today.  That  yard  was  built  with  all  stub 
switches,  about  twenty  parallel  tracks,  13  ft.  centers  and 
1  racks  1500  ft.  long.  For  about  six  months  after  it  was  built, 
there  were  no  switch  lights  in  it.  The  work  done  at  night  in 

^Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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that  yard  was  probably  one-twentieth  as  much  work  as  could 
be  done  today  in  a  yard  properly  equipped  and  lighted.  What 
1  was  getting  at  was  the  cost  of  producing  so  much  better  con¬ 
ditions  for  operation.  The  investment  in  this  McKees  Rocks 
yard  is  something  like  $8  000,  about  $500  a  year,  roughly ; 
current  repairs,  etc.  about  $50  a  month  of  $600,  or  about  $1000 
a  year  and  $1000  a  year  is  only  the  wages  of  one  man.  I  am 
very  much  struck  with  the  wonderful  advance. 

I  want  to  compliment  Mr.  Morrison  on  the  photographs 
of  the  yard  at  night.  It  is  a  very  fine  piece  of  work  and  one 
which  explains  the  effect  of  the  illumination  very  clearly. 

Mr.  W.  C.  Copley t ;  There  is  one  question  I  would  like  to 
ask  regarding  the  yard  to  which  the  speaker  referred  as  having 
tried  out  the  search  light  and  found  it  unsatisfactory,  and  which 
was  not  experimented  with  in  any  other  yard. 

The  Author  :  I  cannot  give  the  name  of  the  yard.  It  was 
described  to  me  by  some  of  the  men  on  the  Pennsylvania  Rail¬ 
road  and  I  understood  that  the  installation  had  never  been  dupli¬ 
cated. 

Mr.  W.  C.  Copley  :  We  had,  I  think,  the  first  search 
light  ever  installed,  in  the  Altoona  Yard.  It  has  been  dupli¬ 
cated  in  other  yards  and  a  duplicate  set  installed  in  the  same 
yard.  The  lamp  was  found  so  satisfactory  that  it  increased 
the  efficiency  of  the  yard  about  20  percent,  to  almost  the  day¬ 
light  efficiency. 

At  the  start  the  men  objected  to  the  glare  of  the  light,  but 
this  was  due  to  the  novelty  of  the  lamp  which  induced  them  to 
look  at  it. 

The  first  lens  did  not  diffuse  the  light  enough  to  cover  the 
entire  yard,  which  has  about  30  tracks.  We  procured  an  ad¬ 
ditional  lens  which  covered  the  entire  30  tracks,  and  the  men 
became  accustomed  to  it.  After  it  was  in  operation  about  three 
months  we  ran  out  of  carbons  and  the  lamp  was  out  of  service 
a  couple  of  nights  and  the  men  threatened  to  quit  if  they  did 
not  get  the  lamp  back,  or  something  as  good  to  show  them  where 
they  were  going. 

The  first  cost  of  the  lamp  is  $300  and  the  additional  special 

-{-Freight  Train  Master,  Middle  Division,  P.  R.  R.,  in  charge  of  Altoona  Yards. 
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Jens  cost  $45,  making  the  total  cost  of  the  lamp  $345.  The 
installation  of  the  dynamos  and  other  costs  of  installation  was 
$1010.  The  cost  of  operation  of  the  lamp  is  $3.00  per  night 
for  the  operator,  but  we  use  him  for  other  purposes. 

The  cost  of  maintenance  of  the  lamp  and  the  power  runs 
about  $1.00  per  night  making  the  total  cost  per  night  $4.00. 

The  lamp  is  located  in  a  tower  and  throws  the  light  di¬ 
rectly  into  the  yard  and  the  men  have  become  so  accustomed 
to  it  that  they  do  not  want  to  get  along  without  it.  The  people 
at  Harrisburg  learned  about  this  lamp  and  after  looking  it  over 
promptly  installed  one  in  their  largest  west  bound  classifica¬ 
tion  yard.  The  capacity  of  the  yard  wliere  the  lamp  is  located 
is  3000  cars,  we  do  not,  however,  always  put  that  number  over 
but  we  will  average  about  2200  cars  a  day. 

The  figures  that  were  given  regarding  the  number  of  ac¬ 
cidents  did  not  seem  to  bring  out  the  point  of  the  percentage 
of  cars  handled.  I  do  not  know  the  number  of  cars  handled 
during  the  time  they  had  those  accidents  or  what  percentage 
of  the  cars  were  damaged. 

The  Author:  I  have  not  the  figures  to  show  that.  How¬ 
ever,  the  yard  was  doing  a  good  business  and  the  reduction 
was  not  due  to  the  fact  that  they  were  not  doing  any  business. 
During  the  month  of  September  they  ran  more  cars  over  the 
hump  than  any  month  before  in  the  history  of  the  yard. 

Mr.  W.  C.  Copley  :  The  lamp  increased  the  efficiency  of 
the  yard  and  reduced  the  cost  per  car  going  over  the  hump  a 
cent  and  a  half,  which  would  pay  for  the  lamp  in  a  very  short 
time. 

We  have  four  separate  and  distinct  hump  yards  at  Altoona. 
The  other  points  are  not  so  large  and  we  did  not  think  it  neces¬ 
sary  to  install  search  lights  because  on  the  east  bound  side  the 
business  is  divided  between  two  humps.  We  have  a  flaming 
arc  lamp  on  the  hump  and  ordinary  arc  lights  in  these  classi¬ 
fication  yards.  The  west  bound  loaded  hump  has  incandescent 
lamps  with  reflectors  located  along  the  tracks  directed  on  an 
angle  toward  the  body  of  the  classification  yard,  which  gives  us 
a  very  good  light  and  we  do  not  feel  justified  in  putting  a 
search  light  in  there;  but  where  the  business  and  the  size  of  the 
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yard  warrant  the  lamp,  we  have  every  reason  to  believe  that  it 
is  the  cheapest  illumination  obtainable. 

I  was  over  at  McKees  Rocks  and  saw  the  mercury  vapor 
lamps  in  service  and  I  must  say  they  give  a  very  nice  illumi¬ 
nation.  One  feature  of  the  light  is  the  absence  of  shadows.  It 
is  high  enough  to  avoid  objectionable  shadows  cast  by  the  cars; 
but  it  is  a  question  in  my  mind  whether  there  was  not  a  con¬ 
siderable  waste  of  light  due  to  the  lamps  being  so  high,  in  other 
words  if  the  lights  had  been  placed  lower  whether  you  would 
not  have  obtained  as  good  if  not  better  results  at  a  very  much 
less  cost. 

Mr.  A.  R.  Raymer*  :  I  would  like  to  ask  Mr.  Copley  if 
he  can  give  us  a  statement  of  the  reduction  of  efficiency  of  the 
search  light  during  foggy  weather;  and  approximately  what  was 
the  percentage  of  reduction  in  accidents  on  account  of  the  use 
of  the  lights  on  the  hump  ? 

Mr.  W.  C.  Copley  :  I  cannot  answer  the  last  question 
because  we  have  always  had  lights  on  the  hump,  but  on  the 
empty  humps  where  this  search  light  is  located,  I  would  say 
the  reduction  in  accidents  due  to  the  light  is  at  least  25  percent. 
As  to  the  fog  I  could  not  say,  since  a  search  light  does  not 
have  a  great  deal  more  effect  ont  it  than  any  other  light,  of 
course  you  can  see  the  rays  of  the  search  light  through  the  fog, 
but  it  does  not  illuminate  the  yard. 

The  Author:  What  is  the  current  consumption  of  the 
search  light? 

Mr.  W.  C.  Copley  :  The  lamp  was  installed  in  1908  and  has 
been  in  use  continuously  since  that  time.  It  is  the  General 
Electric  automatic  lamp  No.  10653,  Type  H  4  B,  amperage  35, 
voltage  45. 

Mr.  S.  G.  HibbenI  :  As  the  speaker  presented  this  paper, 
I  was  making  some  mental  notes  on  the  comparison  between 
the  two  chief  schemes  of  yard  lighting, — the  high  tower  sus¬ 
pension  of  a  few  lighting  units  of  large  candlepower,  and  the 

*  Assistant  Chief  Engineer,  Pittsburgh  &  Lake  Erie  R.  R.,  Pittsburgh, 
fllluminating  Engineer,  Macbeth  Evans  Glass  Company,  Wabash  Building,  Pitts¬ 
burgh. 
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lower  catenary  or  cable  suspension  of  a  large  number  of  re¬ 
latively  small  units. 

If  a  few  high-candlepower  lamps  of  any  sort  were  placed 
low,  the  results  would  undoubtedly  be  bad.  If  it  were  desired 
to  merely  outline  objects  against  a  light,  this  might  be  satis¬ 
factory,  but  although  this  scheme  of  low  light  sources  is  fol¬ 
lowed  in  street  lighting,  yet  I  would  not  advocate  it  for  classi¬ 
fication  yard  lighting.  In  street  lighting  the  conditions  are 
different  in  this  one  regard,  that  you  do  not  care  about  disting¬ 
uishing  the  details  of  an  object,  nor  of  its  exact  distance  from 
you,  expecting  to  come  up  to  or  against  it,  but  you  wish  to 
have  it  outlined  against  a  light  background. 

With  the  scheme  as  described,  the  light  is  well  diffused 
over  much  the  whole  area  of  the  yard,  and  there  is  not  only 
lack  of  dark  shadow,  but  better  definition  of  all  objects  leading 
to  better  ability  to  judge  horizontal  distances. 

The  quartz  lamp  has  among  its  good  features  the  high 
efficiency  of  about  0.6  watt  per  mean  spherical  candlepower 
(compared  to  about  from  0.76  to  0.80  watts  per  spherical  candle 
for  nitrogen  filled,  or  type  “C”  tungsten  lamps.)  It  also  has 
good  color  value  of  bluish-white  light  for  this  class  of  service, 
and  aside  from  the  variations  that  occur  at  starting,  it  possesses 
self-regulation  or  is  a  “constant  current’’  device.  For  in¬ 
stance  the  lamp  used  operates  on  220  volts  and  I  believe  takes 
3.5  amperes  after  reaching  a  steady  point.  Its  starting  cur¬ 
rent  is  large,  characteristic  of  all  mercury  arcs,  but  after  reach¬ 
ing  equilibrium,  in  something  less  than  15  minutes,  an  increase 
in  voltage  will  not  cause  an  increase  in  current  forced  through 
I  the  lamp.  The  life  of  the  new  types  of  lamps  (tubes)  often 
reach  5000  hours, — in  rare  cases  10  000  hours. 

It  is  at  a  disadvantage  on  account  of  operating  in  multiple 
on  direct  current,  and  the  wiring  expense  might  be  a  consider¬ 
able  factor  as  against  an  installation  of  nitrogen  filled  series 
high  voltage  lamps,  particularly  in  large  yards  requiring  long 
runs  of  wire.  It  is  also  somewhat  complicated  for  rough  ser¬ 
vice,  with  its  automatic  tilting  device  for  starting,  its  quartz- 
glass  tube  in  which  the  tungsten  terminal  wires  must  be  care¬ 
fully  sealed,  and  its  balancing  or  regulating  resistances. 
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The  light-giving  tube  is  only  about  5  inches  long,  but  is 
somewhat  hard  to  equip  with  reflector,  and  I  would  like  to  ask 
the  speaker  what  attempts  have  been  made  to  prevent  loss  of 
light  going  sidewise  outside  of  the  yard. 

Sulphur  fumes  around  a  railroad  yard  may  cause  rapid 
deterioration  of  metal  reflectors  or  other  parts  of  the  lighting 
units  and  this  must  be  considered.  Perhaps  the  lamps  placed 
high  will  be  above  these  fumes. 

The  color  of  light  from  quartz  arcs  will  probably  not  be 
best  for  penetration  of  fog  and  smoke,  though  this  is  a  very 
minor  consideration. 

I  think  the  speaker  has  described  a  very  economical  and 
excellent  way  of  yard  lighting,  but  perhaps  there  are  other 
equally  as  good  methods.  The  series  tungsten  lamps  are  worthy 
of  consideration  on  account  of  maintenance  costs,  simplicity 
and  reliability.  Alternating  current  quartz  arcs  may  also  soon 
come  into  this  field. 

Mr.  H.  Kirschberg  It  is  indeed  a  pleasure  to  have  the 
opportunity  of  discussing  the  paper  presented  this  evening  by 
Mr.  Morrison,  especially  in  view  of  the  fact  that  a  considerable 
part  of  my  own  experience  has  been  gained  in  the  field  of 
railroad  illuminating  engineering. 

It  is  a  safe  statement  to  say  that  the  railroads  of  this 
country  do  not  as  yet  appreciate  to  what  a  great  extent  the 
correct  solution  of  many  of  their  lighting  problems  would  be 
conducive  to  safe,  economical,  and  efficient  lighting.  During 
the  past  seven  years  I  have  had  occasion  to  dwell  on  this  sub¬ 
ject  in  published  articles  and  papers  before  technical  organ¬ 
izations  on  various  phases  of  railroad  illuminating  engineering. 
The  one  particular  phase  discussed  by  Mr.  Morrison  is  cer¬ 
tainly  worthy  of  as  much  consideration  and  time  as  may  be 
necessary  to  obtain  a  correct  solution,  even  if  from  the  stand¬ 
point  of  revenue  alone,  for  it,  is  a  well  known  fact  that  the 
main  source  of  revenue  to  the  railroad  is  its  freight  traffic. 
The  carrying  of  passengers  on  many  roads  in  this  country  is  in 
reality  maintained  at  a  loss.  Anything  therefore,  which  will 
to  any  degree  assist  in  the  movement  or  improvement  of  freight 
traffic  will  show  a  larger  earning  capacity  of  the  equipment. 

*Treasurer,  Lighting  Specialties  Company,  Pittsburgh. 
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Mr.  Morrison  has  presented  his  subject  very  well,  and  has 
shown  that  the  problem  of  satisfactory  illumination  of  a  rail¬ 
road  yard*  of  any  type,  depends  upon  the  ability  of  the  en¬ 
gineer  to  analyze  his  problem  in  all  of  its  various  details.  I 
have  sufficient  faith  in  the  future  recognition  of  this  fact  to 
be  at  present  devoting  all  my  time  to  illuminating  engineering 
and  I  trust  that  the  condition  of  street  lighting  will  eventually 
be  such  as  to  occasion  no  further  such  well  merited  criticism 
as  that  to  which  Mr.  Morrison  has  given  expression.  It  has 
taken  our  own  city  of  Pittsburgh  about  five  years  to  discover 
the  difference  between  a  clear  and  an  opal  globe  for  an  arc  light. 

Mr.  Morrison  is  to  be  complimented  upon  his  courage  to 
install  lamps  at  such  great  heights,  and  I  well  remember  the 
interesting  results  obtained  when  the  first  lamp  of  the  type  now 
being  used  was  mounted  near  the  top  of  the  coal  tipple  in  the 
McKees  Rocks  yards  and  an  initial  test  of  illumination  made 
thereunder.  I  have  not  been  fortunate  enough  to  see  the  com¬ 
plete  installation  but  feel  sure,  from  what  I  know  of  that  test, 
that  the  results  are  fully  as  good  as  could  be  expected. 

Mr.  Morrison  mentions  an  average  illumination  of  0.165 
foot-candles  throughout  the  yard  with  a  minimum  illumination 
nf  0.015  foot-candles.  It  might  be  of  interest  to  state  here  that 
bright  moonlight  under  the  best  conditions  or  full  moon,  Oc¬ 
tober  skies  and  clear  mountain  air,  approximates  0.04  foot- 
candles. 

In  conjunction  with  the  problem  of  classification  yard 
lighting  I  have  always  included  the  lighting  of  two  other  loca¬ 
tions  so  closely  connected  both  in  location  and  importance  with 
the  classification  yard,  as  to  deserve  consideration  as  part  of 
the  same  installation,  namely,  the  receiving  yard  and  the  track 
scale.  The  foregoing  is  apparent  when  it  is  considered  that  the 
car-riders  are  passing  continually  from  the  track  scale  zone  to 
I  the  classification  yard  zone  and  subjected  to  a  certain  extent 
to  the  receiving  yard  illumination  before  passing  over  the  scale 
with  their  cars.  The  dangers  to  which  the  car-riders  are  sub¬ 
jected,  especially  in  winter,  under  conditions  of  ice  and  snow, 
and  the  general  tendency  in  favor  of  “safety  first”,  should  be 
sufficient  in  themselves  to  invite  a  study  of  this  problem  with- 
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out  even  a  further  consideration  of  the  economies  produced  from 
the  operating  side. 

As  to  fog,  we  have  fogs  of  different  kinds  in  Pennsylvania. 
I  had  occasion  to  make  tests  of  signal  lamps  under  conditions 
of  fog.  Starting  from  Altoona,  if  I  went  west,  I  would  run  into 
a  fog  in  which  the  proportion  of  iron  dust  is  very  much  in 
excess  of  what  it  would  be  if  1  traveled  east,  where  the  water 
vapor  content  in  the  fog  is  much  higher.  In  the  fog  in  which 
there  is  a  high  percentage  of  iron  dust,  red  and  orange,  that 
is  rays  of  greater  wave  length,  penetrate  much  more  easily  than 
in  fogs  in  which  the  water  content  is  greater,  in  which  the 
waves  of  shorter  length,  violet,  indigo,  blue  and  blue-green, 
penetrate  with  more  ease.  The  color  of  the  Gooper-Hewitt 
lamp,  on  the  short  ray  side  of  the  green,  penetrates  water  fog 
more  easily  than  the  rays  of  the  flaming  arc  of  the  usual  yellow 
color. 

Mr.  W.  D.  Smoot:*  Mr.  Morrison  has  outlined  for  us 
another  solution  of  one  of  the  hardest  conditions  to  be  met  in 
railroad  yard  lighting.  It  is  a  fact,  that  the  quartz  lamp 
located  at  unusual  heights,  compared  with  arc  lamps  or  high  wat¬ 
tage  filament  lamps,  has  a  field  of  its  own  and  fulnils  certain 
requirements  nicely.  There  are  conditions,  however,  where  the 
magnetite  lamp  furnishes  sufficient  illumination  to  be  practical 
in  its  application  to  yard  lighting. 

I  wish  to  cite  as  an  example,  an  installation  at  Conway, 
Pa.,  located  on  Pennsylvania  Lines  West,  where  there  is 
one  of  the  largest  hump  yards  in  existence.  To  properly  light 
these  tracks,  it  was  found  advisable  to  use  6.6  ampere  magnetite 
lamps,  mounted  about  32  feet  above  track  level.  T\  e  find  there, 
that  we  do  have  shadows  produced  by  cars,  but  the  ends  of 
the  cars  may  be  seen  and  distances  judged  quite  satisfactorily. 
During  a  heavy  fog,  the  lamps  are  practically  useless,  and  as 
far  as  I  am  able  to  learn,  the  light  is  yet  to  be  produced  that 
will  be  entirely  satisfactory  in  a  fog. 

Ib  required  160  lamps  to  light  these  yards;  25  being  de¬ 
voted  to  four  humps,  or  an  average  of  6  lamps  per  hump.  This 

*In  charge  of  power  plants,  Allegheny  Shops,  Pennsylvania  Lines  West,  Pitts¬ 
burgh. 
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represents  an  actual  power  consumption  of  about  2534  watts 

per  hump. 

This  installation  has  been  cited  simply  to  illustrate  what 
would  be  a  typical  installation,  where  the  quartz  lamp  might 
not  be  in  favor  because  of  the  heavy  feeders  necessary  to  feed  a 
number  of  lamps. 

Mr.  W.  C.  Copley  :  Possibly  I  did  not  make  my  statements 
clear  regarding  the  search  light.  We  do  not  care  anything 
about  light  in  the  yard  other  than  to  illuminate  the  ends  of 
the  cars  beyond  the  hump,  if  the  train  men  see  those  that  is 
all  that  is  necessary.  This  search  light  is  located  about  the  top 
of  the  hump  on  the  side  of  the  tower  and  the  trainman  does  not 
necessarily  have  to  look  at  the  lamp  at  any  time,  but  it  does 
show  where  the  car  ahead  stands  and  shows  the  line  of  track 
in  the  yard  and  allows  the.  Asst.  Yard  Master  to  stand  in  his 
office  and  look  out  into  the  yard  and  tell  what  cars  stand  on 
each  one  of  the  tracks.  We  do  not  claim  that  the  search  light 
gives  the  same  character  of  light  as  this  system  at  McKees 
Rocks.  It  is  not  necessary.  All  we  want  is  to  light  up  the  end 
of  the  car  ahead,  which  we  do  by  using  the  search  light.  And, 
as  I  have  said,  it  increases  the  efficiency  of  the  yard  at  the  point 
where  it  is  used  and  that  is  all  we  care  for. 

Light  in  the  receiving  yard  was  also  mentioned.  We  do 
not  care  anything  about  light  in  the  receiving  yard,  it  is  at  the 
hump  and  the  scale  and  in  the  classification  yard  that  we  want 
it,  and  technical  criticism  of  the  search  light  would  not  have 
much  weight  with  us  who  are  using  it. 

Mr.  A.  R.  Raymer  :  How  many  feet  above  the  tracks  is  the 
search  light  located? 

Mr.  W.  C.  Copley  :  About  30  feet  above  the  classification 
yard  tracks  or  about  10  feet  above  the  apex  of  the  hump. 

Referring  to  the  complaint  Mr.  Kirschberg  spoke  of  in 
another  yard.  That  was  somebody  hunting  something  to  com¬ 
plain  about,  for  we  went  down  and  tried  to  get  the  fellow  to 
point  out  where  it  had  interfered  with  his  work  and  he  said 
he  guessed  possibly  it  was  not  as  bad  as  he  had  thought.  So  the 
complaint  was  really  without  any  foundation. 
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Mr.  A.  C.  Cotton  :t  I  viewed  with  considerable  satisfac¬ 
tion  this  installation  made  by  Mr.  Morrison,  and  to  me  it  is 
about  the  best  thing  I  have  seen  in  the  way  of  classification 
yard  lighting.  It  is  quite  probable  that  there  are  other  schemes 
that  can  produce  the  same  results,  but  at  present  I  do  not  know 
exactly  what  they  are. 

Mr.  Morrison  suggested  the  possibility  of  using  the  nitro¬ 
gen  filled  tungsten  lamp  some  time  in  the  future.  In  this  con¬ 
nection,  I  might  say  that  from  experience  other  people  have 
had,  it  would  not  be  well  to  use  a  series  tungsten  lamp  on  a 
D.C.  circuit,  as  that  has  proven  more  or  less  of  a  failure  from 
an  operating  and  maintenance  standpoint.  Inasmuch  as  Mr. 
Morrison ’s  circuit  is  a  multiple  one,  he  probably  would  have  no 
ill  results  with  the  lamp.  The  trouble  with  a  D.C.  series  circuit 
is  that  if  the  filament  breaks  there  is  an  arc  set  up  across  the 
break  and  the  arc  continues  sometimes  until  not  only  the  lamps 
but  the  fixtures  are  burned  up.  In  an  A.  C.  series  system  there 
is  some  part  of  the  time  when  the  current  value  passes  through 
zero  and  at  that  time,  of  course,  the  arc  is  usually  broken. 

Going  into  the  cost  of  installation,  if  we  look  at  the  cost  of 
the  accidents,  $557  for  some  nine  accidents,  it  would  average 
about  $62  an  accident  per  month.  If  we  capitalize  this  and 
give  the  lighting  the  benefit  of  preventing  at  least  one  $62  acci¬ 
dent  a  month,  it  would  amount  to  $744  a  year,  which  would  be 
interest,  at  5  percent  on  about  $14  880,  or  practically  twice  as 
much  as  Mr.  Morrison  spent  for  the  entire  installation.  If  we 
would  consider  the  decreased  number  of  accidents  from  nine  to 
six  may  partly  result  from  the  lighting,  or  if  we  may  con¬ 
sider  that  the  decreased  cost  per  accident  from  $62  to  some¬ 
thing  like  $10  may  be  due  partly  to  the  improved  lighting,  we 
can  easily  see  that  considerable  money  may  be  spent  to  get 
good  lighting  in  these  yards  and  result  in  not  only  reducing 
the  total  number  of  accidents  but  possibly  the  cost  per  accident. 
I  take  it  that  in  a  yard  such  as  they  had  here  previously,  the 
collisions  were  'sometimes  quite  violent  and  damaged  not  only 
the  cars  but  the  lading.  On  the  other  hand  with  good  lighting, 

tlnstructor,  Educational  Department,  Pennsylvania  Railroad  Company,  Pitts¬ 
burgh. 
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the  collisions  may  have  occurred  but  they  did  not  occur  with 
such  violence  and  cars  and  lading  were  not  seriously  damaged. 

The  point  was  brought  out  about  lack  of  space  for  placing 
lighting  units.  In  the  latest  yard  of  any  size  that  we  have  built 
in  this  vicinity,  at  Pitcairn,  they  did  allow  two  spaces  down  the 
yard  for  lines  of  poles  on  which  were  placed  series  are  lamps. 
Outside  of  that  installation,  I  do  not  know  of  any  other  on  the 
Pennsylvania  Railroad  where  there  is  any  provision  made  for 
lines  of  poles,  and  most  of  our  yards  have  lines  of  poles  on  the 
outside,  so  that  half  the  light  produced  is  thrown  upon  the 
surrounding  hillsides  and  only  half  is  obtained  in  the  yard. 
I  believe  that  in  the  majority  of  the  yards  we  are  forced  to  put 
the  lighting  in  that  way. ' 

As  to  straddling  the  tracks  with  lighting  towers,  of  course 
that  might  be  done  if  there  was  space  enough  between  the  tracks, 
but  there  is  not  sufficient  space.  That  is  what  we  are  up  against. 
We  have  some  yards  where  the  clearance  is  very  small  indeed, 
probably  due  to  the  fact  that  the  yards  were  built  a  good  many 
years  ago,  and  while  there  has  not  been  any  great  increase  in 
the  width  of  cars,  there  has  been  a  great  increase  in  their  length 
which  has  resulted  in  the  cars  coming  closer  together  on  curves. 

Regarding  the  point  brought  out  by  Air.  Copley,  I  am  sorry 
to  hear  him  take  the  position  that  he  does  not  care  so  long  as  he 
gets  the  light,  I  hat  may  be  very  true  for  present  conditions 
and  possibly  for  three  or  four  years  to  come,  but  it  occurs  to  me 
that  from  a  physiological  standpoint,  sooner  or  later  he  is  going 
to  have  a  lot  of  men  working  in  his  yards  whose  eyesight  will 
be  impaired,  and  we  as  railroad  men  know  that  when  a  man’s 
eyesight  becomes  seriously  impaired  he  must  be  given  a  position 
where  good  eyesight  is  not  a  prime  factor. 

It  is  a  fact  that  the  City  of  Washington,  D.  C.,  has  recently 
passed  an  ordinance  prohibiting  lights  of  high  intensity  to  be 
hung  low  over  the  pavements  by  private  individuals,  simply  for 
the  reason  that  the  people  do  not  know  enough  themselves  to 
protect  their  eyes.  We  see  in  Pittsburgh,  the  nitrogen  filled 
lamps  in  front  of  moving  picture  shows,  eight  feet  above  the 
pavement,  and  you  will  walk  up  street,  blink  your  eyes  and  hold 
your  head  down  to  get  by  them.  The  eye  cannot  accommodate 
that  amount  of  light,  and  the  eye  cannot  accommodate  the  light 
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from  this  search  light.  "Whether  you  look  at  it  or  not  the  light 
is  there  and  you  are  bound  to  get  it  in  your  eyes.  Too  much 
light  is  just  as  bad  as  too  little.  Investigation  has  shown  that 
some  classes  of  workmen  have  eye  trouble  due  to  too  much 
light  rather  than  not  enough,  hence  it  would  seem  that  to  re¬ 
move  sources  of  light  of  high  intrinsic  brilliancy  from  the  nor¬ 
mal  range  of  vision  would  be  the  proper  course  to  pursue. 

Mr,  Elmer  K.  Hiles:  How  frequently  is  it  necessary  to 
clean  the  quartz  vapor  lamp  and  how  does  it  compare  in  this 
regard  with  the  tungsten  lamp? 

The  Author:  ¥e  started  out  cleaning  them  every  two 
months  and  found  that  was  not  quite  often  enough,  and  we  are 
now  cleaning  them  every  six  weeks.  I  can  tell  on  the  train 
going  by  when  it  is  time  to  clean  them. 

It  is  about  the  same  proposition  with  the  vapor  as  with 
tungsten  lamps  except  that  you  have  not  as  large  reflectors  to 
clean.  It  is  not  what  it  would  be  like  to  trim  flaming  arc  lamps 
every  75  to  100  hours. 

Mr.  A.  C.  Cotton:  Is  the  75  sq.  ft.  per  watt  calculated 
on  the  basis  of  classification  yard  alone  and  not  on  the  sur¬ 
rounding  yard? 

The  Author:  Yes,  just  the  classification  yard. 

Mr.  A.  C.  Cotton:  Of  course,  you  have  a  great  deal  of 
that  light  in  the  surrounding  yard,  the  south  bound  classification 

yard? 

The  Author:  The  east  bound  classification  hump  is  right 
across  the  yard. 

Mr.  A.  C.  Cotton  :  You  get  a  great  deal  of  light  on  that, 
so  that  in  reality  you  have  a  great  many  more  square  feet  per 
watt  than  you  actually  show,  if  you  consider  the  yard  sur¬ 
rounding. 

The  Author:  Yes,  as  a  matter  of  fact  two  towers  are 
effective  in  the  east  bound  yard. 

Mr.  "W.  C.  Copley  :  I  am  afraid  our  friend  is  putting  too 
much  emphasis  on  the  damage  caused  by  the  search  light.  If 
it  is  going  to  affect  the  eyes  of  the  people  I  do  not  know  what 
will  become  of  the  people  who  run  automobiles,  for  the  light 
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from  this  search  light  is  not  any  harder  to  look  at  than  the 
average  light  on  an  automobile. 

Mr.  H.  Kirschberg:  The  problem  of  overcoming  the  effect 
of  glare  of  automobile  head  lights  has  received  so  much  atten¬ 
tion,  by  reason  of  the  number  of  accidents  which  have  occurred 
due  to  that  cause,  that  the  State  of  New  York  has  passed  laws 
compelling  the  automobile  owners  to  put  a  diffusing  medium 
before  their  lamps,  or  to  install  a  smaller  lamp  in  the  head  light 
to  be  used  in  passing  through  cities  and  towns.  Similar  laws 
have  been  passed  in  a  number  of  cities  in  Pennsylvania,  es¬ 
pecially  here  in  Pittsburgh.  We  have  not  as  yet  forced  the 
application  of  the  law  to  as  great  an  extent  as  I  hope  it  event¬ 
ually  will  be. 

The  entire  problem  includes  one  which  is  not  entirely  phy¬ 
siological,  that  is  the  matter  of  danger  to  the  eye,  but  also  the 
psychological  problem.  This  very  same  problem  was  brought 
out  by  the.  railroads  in  their  investigation  of  locomotive  head¬ 
lights  with  special  regard  to  the  arc  lamp  headlights  which  were 
more  or  less  forced  on  the  roads  bAr  the  action  of  the  legislature 
in  se\ eral  states,  whose  members  knew  nothing  of  railroading 
and  merely  were  desirous  of  obtaining  the  greatest  amount  of 
light  on  the  track  for  the  safety  of  those  who  might  have  oc¬ 
casion  to  cross  it. 

It  is  the  most  natural  thing  in  the  world  to  look  at  the 
brightest  spot  in  the  field  of  vision ;  in  fact,  it  takes  a  conscious 
effort  to  look  away  from  it.  Every  once  in  a  while,  however, 
the  conscious  effort  lags  a  little  bit  and  one  is  liable  to  allow 
the  eyes  to  return  to  the  bright  source,  thereby  causing  the 
diaphragmatic  opening  of  the  eye  to  contract,  thus  impairing  the 
ability  to  see  later  on  under  intensities  of  light  which  must  of 
necessity  be  lower.  Then,  there  is  what  you  might  call  the  semi¬ 
hypnotic  effect.  There  are  some  people  who  cannot  look  away 
from  a  bright  light  and  cannot  move  during  the  time  the  bright 
light  shines  upon  them.  This  is  true  to  a  large  extent  of  the 
lower  orders  and  is  often  the  means  of  holding  some  of  our 
smaller  wild  animals  in  something  of  a  trance. 

Mr.  Henry  S.  Prichard:*  With  respect  to  the  claim  put 
forward  as  an  argument  against  search  light  illumination,  that 

♦Engineer,  American  Bridge  Company,  Pittsburgh. 
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it  is  only  by  conscious  effort  that  men  can  refrain  from  looking 
at  glaring  lights,  I  ask  whether  it  is  the  habit  of  locomotive 
enginemen  to  stare  at  the  sun  ?  If  it  is  their  habit  so  to  do,  I 
further  inquire  as  to  the  comparative  effect  on  their  eyes  of  sun 
light  and  search  light.  On  the  other  hand,  if  locomotive  engine- 
men  learn  to  avoid  looking  at  the  sun,  can  they  not  similarly 
learn  to  avoid  looking  at  search  lights? 

It  appears  from  the  paper  and  its  discussion  that  the  suit¬ 
able  illumination  of  a  railroad  yard  is  not  a  difficult  matter, 
per  se,  but  is  made  very  difficult  by  the  failure  of  the  engineers 
who  lay  out  the  yards  to  provide  room  between  the  tracks  for 
lamp  posts.  If  such  is  the  case,  the  fact  should  be  emphasized 
to  influence  engineers  to  consider  this  phase  of  the  subject  in 
laying  out  new  yards.  To  leave  room  for  posts  in  yards  where 
space  is  limited  will,  of  course,  to  some  extent,  curtail  yard 
room  but,  on  the  other  hand,  if  it  tends  to  facilitate  the  use 
of  the  yards  at  night,  the  net  result  may  be  beneficial. 

Mr.  H.  Kirschberg  :  I  have  heard  of  a  number  of  instances 
of  beggars  on  the  streets  of  New  York  sitting  pationtly  all  day 
with  the  sign  “I  am  blind”  and  to  prove  it,  looking  at  the  sun. 
In  a  number  of  cases,  the  result  eventually  justified  the  sign 
they  carried. 

Mr.  W.  C.  Copley:  The  £ ‘riders”  cannot  see  the  search 
light  when  they  are  riding  the  cars  out  because  their  backs  are 
toward  it,  and  when  the  men  return  to  the  hump  they  are  riding 
in  a  closed  car  known  as  the  ‘  ‘  pick  up  ’  ’  and  they  could  hardly 
look  at  it  if  they  wanted  to. 

The  Author:  Answering  some  of  the  questions  raised,  I 
would  say :  no  serious  attempt  has  been  made  to  confine  the  light 
inside  the  yard  and  in  the  case  of  at  least  five  towers,  one  half 
the  light  is  ineffective  as  regards  the  classification  yard.  We 
have  just  installed  for  trial  a  lamp  with  a  deep  reflector  on  the 
side  away  from  the  yard. 

The  number  of  cars  over  the  hump  in  the  months  for  which 
damage  figures  were  given  is  as  follows:  April,  9750;  June, 
14  174. 


CONSTRUCTION  FEATURES  OF  THE 
NORTH  SIDE  RESERVOIR 

OF  THE 

WATER  WORKS  OF  THE  CITY  OF  PITTSBURGH 


By  E.  E.  Lanpiier*  and  J.  S.  Cole! 


The  new  North  Side  reservoir,  commonly  known  as  Cabbage 
Hill  reservoir,  of  the  Pittsburgh  Water  Works,  is  located  in 
Shaler  Township,  about  six  miles  from  the  point  section  of 
Pittsburgh  and  about  one-half  mile  north  of  the  Allegheny 
River,  between  Etna  and  Millvale  Boroughs.  The  elevation  of 
its  flow  line  is  275  feet,  Pittsburgh  datum,  or  971.52  feet  Sandy 
Hook  datum,  and  is  identical  with  the  flow  line  elevation  of 
the  lower  Highland  Park  reservoir  which  supplies  that  portion 
of  the  central  city  along  both  rivers,  and  the  entire  South  Side. 

Generally  speaking,  the  reservoir  is  of  160  million  gallons 
capacity,  with  a  water  area  of  17  acres  and  a  water  depth  of  38 
feet.  It  has  been  built  by  the  cut  and  fill  method,  three  sides 
being  built  of  rolled  embankment,  the  remaining  side  being 
entirely  in  cut,  surrounded  by  a  reinforced  concrete  retaining 
wall  along  a  public  roadway.  The  reservoir  is  divided  into 
east  and  west  basins  by  a  reinforced  concrete  dividing  wall  18 
feet  high,  containing  the  inlet  conduit  which  connects  the  main, 
or  inlet  and  outlet  gate  house  in  the)  northerly  embankment 
with  distribution  or  secondary  gate  house  in  the  southerly  slope. 

The  objects  of  the  reservoir  are:  First,  to  replace  the  old, 
small  and  unsafe  Troy  Hill  reservoir  in  the  supply  system  of 
the  North  Side  (formerly  Allegheny)  :  and,  Second,  to  act  as 
an  equalizer  in  conjunction  with  Highland  No.  2  Reservoir;  the 

Presented  before  the  Structural  Section  of  the  Society,  September  29 
and  published  in  the  October,  1914,  Proceedings. 

♦Division  Superintendent,  Bureau  of  Water,  City  of  Pittsburgh. 

tAssistant  Engineer,  Bureau  of  Water,  City  of  Pittsburgh. 
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main  distribution  feeder  mains  from  both  reservoirs  to  be  cross- 
connected  by  a  48  inch  steel  main  under  the  Allegheny  River. 

HISTORICAL  AND  CONTRACTS 

In  1896  the  former  City  of  Allegheny  laid  a  60-inch  steel 
water  main  from  its  pumping  station  at  Montrose  on  the  Alle¬ 
gheny  River,  a  distance!  of  about  8.6  miles,  to  the  rIroy  Hill 
reservoir.  At  Etna  this  main  deviated  north  from  the  river 
over  a  divide  and  thence  back  to  the  river  bank  near  Millvale. 

The  new  North  Side  reservoir  is  constructed  on  this  divide, 
so  that  the  toe  of  the  northerly  embankment  is  bounded  by  the 
water  main.  Allegheny  had  intended  to  construct  such  a  reser¬ 
voir  about  one-third  mile  north,  and  about  100  feet  higher  than 
the  present  reservoir,  and  installed  two  1  ’s  and  valves  on  this 
main  about  one-lialf  mile  apart  and  looking  toward  the  higher 
elevation.  These  Y’s  and  valves  were  of  great  value  in  the 
connecting  of  the  new,  reservoir  to  the  supply  main,  without 
interfering  with  the  water  supply,  inasmuch  as  the  60-inch  main 
was  the  sole  source  of  water  supply  of  the  North  Side. 

The  reservoir  is  constructed  from  funds  provided  for  at  the 
November  bond  election  of  1910.  Designs  and  specifications 
were  prepared  in  the  Division  of  Engineering  and  Construction 
of  the  Bureau  of  Water,  and  contract  was  awarded  upon  the 
.unit  price  basis,  July  6th,  1912,  to  the  John  F.  Casey  Company 
upon  the  schedule  given  in  Table  No.  1  on  pages  671  to  673 
inclusive. 

EXCAVATION  AND  EMBANKMENTS 

AVork  of  clearing  the  site  was  started  July  20,  1912.  Pre¬ 
paratory  to  embankment  work,  the  entire  site  of  24  acres  was 
cleared  of  all  vegetable  growth  and  the  top  soil  removed  to 
storage  piles.  Good  foundation  for  embankment  was  found  in 
most  places  at  a  depth  of  about  18  in.  All  embankment  ma¬ 
terial  was  obtained  from  excavation  in  the  basin  and  consisted 
mainly  of  first  class  clay  of  several  shades,  and  of  easily  broken 
stone  of  shale  formation,  although  in  some  cases  low  grade 
dynamite  was  used  to  facilitate  digging.  Most  of  this  shale 
disintegrated  rapidly  when  exposed  to  the  atmosphere.  A 
mixture  of  the  clay  and  shale  spread  in  layers  of  6-in.  or  less, 
and  rolled  with  grooved  rollers  of  two  tons  per  foot  produced 


Table  No.  1.  Schedule  of  Contract  Items. 
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a  very  hard,  impervious  embankment,  but  it  was  necessary  to 
pass  the  roller  over  each  layer  at  least  six  times  to  thoroughly 
compact  the  soil,  and  to  further  break  the  small  stones.  (There 
are  no  stones  in  the  embankment  larger  than  4-in.  in  diameter.) 

Three  steam  shovels  with  3,  1  y2,  and  *4  yard  dippers  re¬ 
spectively  and  a  McMyler  crane  were  used  in  excavating,  the 
larger  shovels  working  efficiently  in  the  shale.  Four  con¬ 
tractor’s  engines  and  fifty  dumping  cars,  of  4  yards  capacity, 
were  used  in  conveying  the  material  to  the  embankments.  An 
engine  operated  spreader,  two  road  graders  and  four  16-ton 
rollers  were  used  in  spreading  and  rolling  the  embankments. 
The  maximum  yardage  excavated  and  rolled  in  embankment 
in  one  day  of  ll1/^  hours,  was  3500  cu.  yd. 

The  embankments  have  a  slope  on  the  outside  of  2  to  1  for 
a  height  of  about  20  ft.,  where  there  is  a  5-foot  berm.  Above 
this  berm  the  slope  is  1 %  to  1  for  a  height  of  20  feet.  On  the 
inside,  the  slope  is  uniform  at  2  to  1  from  the  bottom  to  the  top, 
the  height  being  about  42  feet  above  the  floor  of  the  basins. 
The  outside  of  the  embankment  was  scored  and  covered  with 
6  inches  (measured  vertically)  of  top  soil,  which  is  seeded  and 
sodded.  This  top  soil  was  dumped  from  the  top  of  the  em¬ 
bankment,  graded  and  rolled,  a  horse  operated  roller  being  used. 

The  top  of  the  embankment  is  15  ft.  wide,  while  the  maxi¬ 
mum  width  of  the  foot  of  the  embankment  is  185  ft. 

STEEL  PIPE  AND  CONNECTIONS 

In  order  to  maintain  the  supply  through  the  single  60-inch 
main  and  make  the  difficult  connections  to  the  main  gate  house, 
about  one-half  mile  of  60-inch  riveted  steel  main  of  l^-in.  plate 
was  laid  parallel  to,  and  connected  to  the  Y’s  left  in  the  old 
main.  From  these  two  mains  two  60-inch  steel  inlet  pipes  and 
two  60-inch  steel  outlet  pipes  were  installed  to  the  main  gate 
house  in  the  northerly  embankment.  Both  60-inch  mains  are 
equipped  with  Venturi  meters  (30-inch  diameter  of  throat)  con¬ 
sisting  of  cast  iron  up-stream  ends,  bronze  throat  pieces  and 
reinforced  concrete  tail  pieces.  These  tail  pieces  were  built  in 
place  and  at  ten  days  were  subjected  to  a  90-pound  pressure  test, 
showing  no  signs  of  leakage. 


Fig.  2.  60  inch  Steel  Pipe  Connections  at  Gate  House. 
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The  70-ton  traveling  crane  was  used  in  connection  with  all 
of  the  steel  pipe  work,  no  tripods  being  used.  Even  the  exca¬ 
vation  was  done  by  this  crane  with  an  orange  peel  bucket.  A 
oOO-foot  length  of  60-inch  pipe  was  laid  in  one  day,  the  major 
portion  of  it  being  riveted.  At  one  time  it  became  necessary 
to  shut  off  the  water  in  the  old  main,  cut  out  the  rivets  of  three 

[joints,  remove  125  feet  of  the  pipe,  replace  a  portion  of  this 
pipe  with  one  section  containing  a  bulkhead  and  rivet  this  sec¬ 
tion  to  the  pipe  in  place ;  all  of  which  was  done  in  four  hours. 

Riveted  steel  Y’s  and  Tees  of  i/^-inch  plate  were  used  in 
place  of  the  usual  cast  iron  specials. 

MAIN  AND  SECONDARY  GATE  HOUSES 

The  main  gate  house  foundation  is  a  reinforced  concrete 
structure,  42  x  38  feet  in  plan,  extending  from  bed  rock  to  the 
top  of  the  northerly  embankment.  Water  enters  through  the 
two  inlet  pipes  at  elevation  242.5,  and  rises  in  the  inlet  wells 

!and  flows  over  weirs  at  elevation  271  into  two  inlet  chambers 
controlled  by  stop  planks,  thence  through  the  main  inlet  cham¬ 
ber  again  controlled  by  stop  planks  to  a  7-foot  reinforced  con¬ 
crete  conduit  through  the  embankment  and  directly  across  the 
reservoir  to  the  secondary  gate  house  in  the  southerly  slope. 
The  secondary  gate  house  is  a  well  24  ft.  6  in  x  11  ft.  3  in.  in 
plan,  into  which  the  water  enters  at  reservoir  floor  elevation, 
i  lises  to  elevation  263.90,  where  it  is  passed  through  5-foot  cir¬ 
cular  sluice  gates  to  distributing  conduits  in  both  basins.  The 
water  again  re-enters  the  main  house  through  two  5-foot  rein¬ 
forced  concrete  conduits,  passing  directly  through  the  gate 
house  to  the  two  outlet  pipes.  Both  outlet  channels  through 
the  gate  house  are  controlled  by  6  ft.  x  3%  ft.  sluice  gates  in 

addition  to  stop  planks  on  both  sides  of  each  sluice  gate. 

.  _ 

The  main  gate  house  is  so  arranged  that  water  may  be 
f|  f,asse<^  from  the  inlet  pipes  to  the  inlet  chambers,  to  the  outlet 
chambers  and  outlet  pipes,  without  entering  the  reservoir. 
Water  may  be  drained  from,  either  basin  to  the  main  drain 
through  3  ft.  x  2y2  ft.  sluice  gates  in  the  outlet  chambers. 

The  main  gate  house  was  poured  in  two  horizontal  sections 
and  five  vertical  sections,  and  contains  approximately  800  cubic 
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yards  of  concrete  mixed  in  a  1-yard  batch  mixer,  electrically 
operated,  all  material  being  handled  by  the  traveling  crane. 

The  superstructures  of  these  gate  houses  are  not  included 
in  the  present  contract. 

DRAINAGE  SYSTEM 

In  the  main  gate  house  a  waste  weir  at  elevation  275  is 
provided  against  overflowing,  the  water  being  carried  to'  the 
main  drain  which  is  a  36-in.  circular  conduit  approximately 


Fig.  3.  Gate  House  Showing  Forms  on  Upper  Section. 


2300  ft.  long,  running  parallel  to  the  main  pipe  lines  to  a  small 
stream  discharging  into  the  Allegheny  River.  Into  this  drain 
also  discharges  surface  water  from  a  3  x  2  foot  egg  shaped  con¬ 
crete  drain,  extending  along  the  roadways  on  the  southerly  and 
easterly  sides  and  a  12-in.  and  18-in.  tile  drain  extending  along 
the  westerly  and  northerly  sides  of  the  reservoir.  Along  the 
southerly,  or  hillside,  portion  of  the  reservoir,  between  the 
Friday  Avenue  wall  and  the  roadway,  a  ground  water  cut-off 
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drain  was  installed  consisting  of  a  6-in.  open  joint  tile  pipe  in 
a  30-in.  trench,  the  trench  being  filled  with  gravel  to  the  sur¬ 
face.  This  tile  pipe  is  at  elevation  approximately  255,  or  about 
38  ft.  above  the  floor  of  the  basins,  and  failed  to  cut  off  all 
ground  water  as  was  shown  when  excavation  proceeded  to  grade. 
This  condition  caused  the  construction  of  shallow  diagonal 
drains  under  the  floor  system  along  the  easterly  and  southerly 
slopes  as  nearly  perpendicular  as  possible  to  the  direction  of 
ground  water  flow  as  determined  by  observations  from  a  system 
of  test  wells.  These  diagonal  or  herring-bone  drains  carry  the 
water  to  main  collector  drains  along  the  toe  of  the  southerly 
slope,  and  thence  to  two  8  in.  main  drains  under  the  dividing 
wall  and  through  the  embankment  to  the  waste  drain  in  the 
gate  house.  All  of  the  collecting  drains  consist  of  4-in.  and 
6-in.  open  joint  tile  surrounded  by  gravel,  all  covered  by  a 
12-in.  concrete  cap  which  forms  a  foundation  for  the  floors. 
The  8-in.  drains  are  surrounded  by  concrete  to  prevent  upward 
pressure  on  the  base  of  the  dividing  wall. 

Steel  forms  were  used  for  the  36-in.  main  drain  and  part 
of  the  egg  drain,  and  both  drains  were  poured  in  two  sections, 
except  where  the  main  drain  was  reinforced  near  the  gate  house. 
In  the  deep  trench  of  the  cut-off  drain  an  A-frame  movable  crane 
with  hoisting  drums  was  used  to  remove  excavated  materials. 
Concrete  in  drains  was  mainly  hand  mixed.  These  drains  were 
constructed  mainly  in  cold  weather,  making  it  necessary  to 
heat  the  sand  and  gravel,  and  to  maintain  fires  in  the  trenches. 

9 

FRIDAY  AVENUE  RETAINING  WALL 

The  reinforced  concrete  retaining  wall,  extending  for  875 
ft.  along  the  southerly  sidef  of  the  reservoir  and  holding  in 
place  a  public  roadway,  is  built  at  the  top  of  the  2  to  1  slope 
and  varies  in  height  from  2  to  21%  ft.  The  heel  of  the  wall 
is  tied  into  a  2  X  3  foot  egg  shaped  drain  for  stability.  The 
vertical  section  of  this  wall  is  18  in.  thick.  The  foundation 
extends  2  feet  in  front  and  in  the  higher  sections  9  feet  back 
of  the  face  of  the  wall. 

The  vertical  reinforcing  of  the  higher  sections  of  the  wall 
consists  of  %-in.  rods  on  16-in.  centers  from  the  top  to  the 
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base,  %-in.  rods  on  8-in.  centers  from  a  point  10  feet  below  the 
top  to  the  base,  %-in.  rods  on;  4-in.  centers  from  a  point  12 
feet  below  the  top  to  the  base,  and  in  addition,  %-in.  rods  on 
10-in.  centers  through  the  base  and  the  top  of  the  egg  drain, 
and  %-in.  rods  on  12-in.  centers  extending  from  the  base  both 
sides  of  the  egg  drain,  with  additional  short  rods  at  construc¬ 
tion  joints. 


Fig.  4.  Dividing  Wall  and  Conduit. 

The  base  of  this  wall  was  constructed  in  8  foot  sections 
because  of  interference  of  the  bracing  that  held  the  roadway 
in  place,  while  the  wall  proper  was  built  in  48  foot  sections,  or 
from  one  galvanized  plate  expansion  joint  to  another. 

After  this  wall  had  been  practically  completed  and  the 
slope  trimmed,)  a  slippery  clay  was  exposed,  showing  that  a 
general  movement  of  the  wall  would  probably  follow  the  'back¬ 
filling.  A  large  toe  pier  or  buttress  was  therefore  constructed 
below  and  in  front  of  the  base  of  the  retaining  wall  and  ex- 
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tending  to  the  rock,  increasing  the  stability  of  the  wall  against 
sliding  from  0.98  to  1.50  as  computed  from  Baker’s  formula 
with  a  coefficient  of  0.25  for  the  sliding  of  clay  on  clay.  By 
working  the  concrete  dry  a  close  joint  was  made  between  the 
toe  pier  and  the  base  of  the  wall,  no  sulphur,  lead  or  wedges 
being  used. 

Concrete  for  the  wall  and  toe  pier  was  mixed  along  Friday 
Avenue  in  a  y2  yard  batch  mixer;  the  A-frame  traveling  crane 
being  used  in  the  handling  of  the  forms  and  in  the  backfilling. 

DIVIDING  WALL  AND  CONDUIT 

The  original  design  of  the  reservoir  provided  for  an  earth 
dividing  embankment  surmounted  by  a  7-foot  reinforced  con¬ 
crete  inlet  conduit  extending  between  the  two  gate  houses.  In¬ 
ability  to  obtain  sufficient  clay  to  mix  with  the  shale  for  out¬ 
side  embankment  purposes  caused  the  substitution  of  a  combined 
dividing  wall  and  conduit  for  the  dividing  embankment  and 
circular  conduit. 

The  conduit  wall  is  a  triangular  conduit  of  an  area  equiva¬ 
lent  to  a  7-foot  circle,  supported  on  two  legs  or  cut-off  walls 
extending  from  o  to  9  feet  below  the  floor  to  bed  rock,  all  sur¬ 
mounted  by  an  18-inch  wall  about  5  feet  high,  making  the 
height  of  the  conduit  wall  16  feet  above  one  basin  floor  and  18 
feet  above  the  other  basin  floor.  The  sides  of  the  triangular 
conduit  are  20  inches  thick,  reinforced  with  %-in.  diamond 
bars  on  9-in.  centers,  extending  from  the  legs  to  the  surmount¬ 
ing  walls  and  i^-in.  diamond  bars  on  12-in.  centers  at  both 
surfaces.  The  base  of  the  triangle  is  designed  as  a  beam  with 
the  same  reinforcement  as  the  sides.  The  surmounting  wall  is 
designed  as  a  cantilever.  Copper  expansion  joints  are  used  in 
the  legs  and  floors. 

This  conduit  wall  was  built  in  58y2  ft.  sections;  the  legs, 
the  conduit  floor  and  the  sides  with  the  surmounting  wall  being 
built  at  separate  pourings.  It  being  practically  impossible  to 
work  the  concrete  in  the  conduit  forms,  two  air  hammers  were 
kept  constantly  but  gently  hammering  the  forms  during  the 

pouring,  resulting  in  a  thoroughly  compacted  concrete  of  smooth 
finish. 
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All  forms  and  material  for  the  dividing  wall  and  conduit 
were  handled  by  the  cableway. 

That  portion  of  the  inlet  conduit  from  the  main  gate  house 
to  the  conduit  wall  is  a  7-foot  circular,  reinforced,  concrete  con¬ 
duit  for  a  distance  of  40  feet  to  a  vertical  well,  which  forms 
the  junction  of  the  circular  section  and  the  triangular  section 
of  the  inlet  conduit. 

The  reinforcement  of  the  circular  conduit  consisted  of  %- 
inch  rods  on  6-inch  centers  running  longitudinally,  and  y2-mch 
rods  on  4-inch  centers  running  transversely,  except  in  the  out¬ 
side  layer  of  the  reinforcement  in  the  bottom  where  inch 
rods  on  24-inch  centers  running  transversely,  and  i^-inch  rods 
on  4-inch  centers  running  longitudinally,  were  used. 

The  concrete  for  the  circular  conduit  was  mixed  in  a  %- 
yard  batch  mixer,  while  the  concrete  for  the  vertical  well  was 
mixed  in  the  central  mixing  plant,  and  placed  by  means  of  the 
cableway. 

CENTRAL  CONCRETE  MIXING  PLANT  AND  ITS  SUPPLY  AND 

DISTRIBUTION  PLANT 

All  the  sand  and  gravel  used  in  the  construction  of  the 
reservoir  was  dug  from  the  Allegheny  River  in  the  vicinity  of 
Hoboken,  from  which  point  it  was  transported  in  barges  to 
Millvale,  where  the  contractor  installed  a  hoisting  plant.  The 
material  was  taken  from  the  barge  in  a  clam  shell  bucket  and 
dumped  into  an  elevated  storage  bin  containing  compartments 
for  coarse  gravel,  fine  gravel  and  sand.  From  this  bin  it  was 
taken  to  the  reservoir,  a  distance  of  1%  miles  by  a  group  of 
six  5-ton  auto  trucks,  each  truck  making  from  18  to  20  trips 
per  day  of  11  hours.  The  cement  was  received  at  a  siding 
adjacent  to  the  Millvale  storage  bin,  and  transported  to  the 
reservoir  in  a  5-ton  flat-bed  truck.  During  the  summer  of 
1914,  these  trucks  were  operated  double  shift,  or  22  hours  per 
day,  in  order  to  maintain  a  supply  of  materials  at  the  reservoir 
site.  From  the  fleet  of  7  trucks,  it  was  found  necessary  to  hold 
one  truck  each  day  in  the  shop  for  overhauling. 

At  the  reservoir,  the  supply  bins  and  the  cement  house 
were  built  on  the  southerly  slope  between  the  foundation  of  the 


LANPHER  AND  COLE — NORTH  SIDE  RESERVOIR  OF  PITTSBURGH  683 

secondary  gate  house  and  the  Friday  Avenue  wall.  These  bins 
held  approximately  400  yards  of  concrete  gravel,  200  yards  of 
sand  and  200  yards  of  coarse  gravel.  Storage  was  provided 
for  two  cars  of  cement  in  the  cement  house  and  one  car  on  the 
platform.  Sand  and  gravel  were  dumped  from  the  trucks 
directly  into  the  bins.  The  cement  was  dumped  on  the  Friday 
Avenue  platform  and  hand  handled  to  the  chute  leading  to  the 
cement  house. 

An  electrically  operated  1%-yard  batch  mixer  was  installed 
on  the  secondary  gate  house  foundation  directly  in  front  of  the 
storage  bins.  The  sand  and  gravel  from  the  bins  were  con¬ 
trolled  by  shear  gates  directly  above  the  mixer  hopper,  while 
the  cement  was  placed  in  a  vertical  chute  directly  over  the 
hopper,  and  controlled  by  a  slide  gate.  The  hopper  was  stand¬ 
ardized  for  1  yard  of  concrete.  '  During  the  busy  season  1  yard 
of  concrete  could  be  turned  out  of  the  mixer  every  minute, 
although  the  average  time  of  mixing  was  about  1  y2  minutes; 
this,  of  course,  was  for  wet  concrete  used  in  walls  and  all  flat 
work.  The  dry  concrete  used  on  slopes  required  about  2% 
minutes  for  mixing  each  batch. 

The  mixer  discharged  directly  into  shear  gate  buckets  on 
flat  cars,  or  to  cradle  cars.  Three  contractor  s  locomotives  were 
required,  during  the  time  of  the  laying  of  the  floor  and  slope 
blocks,  to  transport  the  concrete  from  the  mixer  to  the  crane. 

A  stationary  cableway  was  used  in  the  construction  of  the 
dividing  wall  and  conduit,  and  the  well  in  the  northerly  em¬ 
bankment,  also  for  general  transportation  purposes  from  Friday 
Avenue,  including  the  transporting  of  the  steel  reinforcement 
and  concrete  forms.  The  head  tower  is  50  feet  high,  located 
on  the  southerly  side  of  Friday  Avenue,  and  the  tail  tower  is 
45  feet  high,  located  on  the  gate  house  in  the  northerly  em¬ 
bankment.  The  distance  between  towers  is  approximately  850 
feet. 

RESERVOIR  LINING 

The  lining  of  the  reservoir  floor  and  of  the  slopes  up  to  the 
revetment  consists  of  two  4-in.  layers  of  concrete,  the  joints 
overlapping  8  in.  instead  of  the  usual  method  of  overlapping 
from  center  to  center  of  blocks.  The  lining  of  the  slopes  above 
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the  revetment  drain  consists  of  a  4-in.  layer  of  concrete  covered 
to  a  depth  of  12  in.  with  large  gravel,  upon  which  rests  a  6-in. 
layer  of  reinforced  concrete,  the  waterproofing  and  a  4-in.  sur¬ 
face  layer  of  concrete.  The  floor  blocks  are  10  ft.  square  while 
the  blocks  on  the  slopes  vary  from  8  X  10  ft.  to  16  X  38  ft.  the 
larger  blocks  being  in  the  6-in.  reinforced  layer. 


Fig.  5.  Central  Mixing  Plant. 

Waterproofing  of  the  slopes  consists  of  four  ^fo-in.  layers 
of  asphalt  and  three  layers  of  8-oz.  saturated  burlap  laid  alter¬ 
nately,  between  the  layers  of  concrete,  while  in  the  floors  three 
layers  of  asphalt  and  two  layers  of  burlap  in  18-in.  strips  were 
used  at  the  floor  joints  only  in  such  a  manner  that  the  water¬ 
proofing  overlaps  the  joints  of  both  layers  by  5  inches.  All 
joints  were  treated  with  asphalt  either  by  mopping  or  by  pour¬ 
ing  the  spaces  left  by  the  j4-in.  steel  plates  used  as  forms. 
The  three-ply  waterproofing  is  about  X?  in*  tluiek,  while  the 
two  ply  waterproofing  is  about  34  in-  thick. 
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All  concrete  used  below  the  revetment  was  mixed  at  the 
central  mixing  plant,  transported  in  1-yard  batches  in  shear 
gate  buckets  on  flat  cars,  lifted  from  the  flat  cars  by  the  70-ton 
crane  and  dumped  into  the  forms.  A  few  of  the  blocks  above 
•■he  revetment  were  placed  in  this  same  manner;  a  few  such 
blocks  were  also  built  from  concrete  mixed  in  a  14-yard  mixer 
on  top  of  the  embankment  dumping  directly  into  the  forms ;  but 
the  major  portion  of  these  blocks  were  built  from  concrete 
mixed  at  the  central  plant,  conveyed  in  yard  cradle 
cars  along  the  top  of  the  embankment  and  dumped  into  the 
forms.  The  concrete  for  the  floor  blocks  was  of  a  wet  mix,  while 
the  concrete  for  the  slope  blocks  was  much  dryer. 

On  the  slopes  the  usual  system  of  pouring  alternate  blocks 
was  followed.  On  the  floors  the  concrete  was  laid  in  rows  ex¬ 
tending  from  one  side  of  the  basin  to  the  opposite  side;  the 
longitudinal  forms  consisting  of  4-in.  X  6-in.  stringers,  while 
the  transverse  forms  were  ^-in.  X  4-in.  steel  plates  set  in  the 
stringers  and  the  points  of  the  preceding  row  of  blocks.  The 
concrete  was  finished  with  straight  edge  and  wooden  trowels. 
In  a  day  of  11  hours,  488  yards  of  concrete  were  placed  in  floor 
blocks  and  finished. 

The  distributing  conduits,  which  extend  along  the  southerly 
slopes  of  both  basins  were  built  from  concrete  mixed  in  the 
K- yard  mixer  working  along  Friday  Avenue.  A  section  of 
this  conduit  is  in  the  form  of  a  trapezoid,  the  top  of  which  is 
horizontal,  the  bottom  of  which  is  the  upper  layer  of  the  floor 
system  on  the  2  to  1  slope,  and  the  sides  of  which  are  vertical. 
Circular  openings  are  provided  in  the  top  of  the  conduit,  to 
provide  for  circulation  of  water  near  the  secondary  gate  house. 

The  asphalt  was  heated  to  400  deg.  Fahr.  and  applied  with 
ordinary  cotton  mops.  In  three-ply  waterproofing  the  burlap 
was  lapped  13  inches,  the  width  of  burlap  being  39  inches. 

All  concrete  used  in  the  construction  of  the  reservoir  was 
of  1  :  2  :  4  mix,  except  in  negligible  cases,  such  as  manholes, 
catch  basins  and  gate  vaults. 

The  responsibility  of  the  reservoir  lies  with  Mr.  Joseph  G. 
Armstrong  and  Mr.  Robert  Swan,  former  and  present  Directors 
of  the  Department  of  Public  Works;  Mr.  Charles  A.  Finley, 
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Superintendent  of  the  Bureau  of  Water;  Mr.  C.  0.  Daughaday 
and  Mr.  John  M.  Rice,  Division  Superintendent  and  Assistant 
Engineer  respectively,  of  the  Division  of  Engineering  in  charge 
during  the  design  and  first  four  months  of  construction  work; 
Mr.  E.  E.  Lanpher  and  Mr.  John  S.  Cole,  Division  Superin¬ 
tendent  and  Assistant  Engineer  respectively,  of  the  Distribu¬ 
tion  Division  in  charge  since  November,  1912. 

DISCUSSION. 

Mr.  L.  P.  Blum:  I  would  like  to  ask  what  Mr.  Lanpher 
considers  the  advantage  of  lapping  the  two  layers  of  concrete 
only  8  in.  instead  of  lapping  them  half  their  length,  as  is  usu¬ 
ally  done. 

Mr.  Lanpher:  Mr.  Rice  was  the  original  designer  of  that 
method  and  I  will  ask  him  to  answer  your  question. 

Mr.  J.  M.  Rice:  We  adopted  this  design  from  experience 
gained  in  the  construction  of  the  Pittsburgh  Filtration  Works. 
During  the  first  season  of  construction  the  floor  which  was  of  two 
layers,  each  four  inches  thick,  was  put  in  with  the  upper 
blocks  breaking  joints  at  the  center  of  the  lower  layer  blocks, 
and  after  thei  winter  had  passed,  we  found  that  the  upper 
blocks  had  broken  just  over  the  joints  in  the  lower  layer.  In 
the  endeavor  to  avoid  this  next  season,  we  brought  out  the  con¬ 
struction  used  here,  i.  e.  offsetting  the  vertical  joints  in  the 
upper  and  lower  layers  from  6  to  8  inches  and  this  proved 
effective. 

The  explanation  for  the  cause  of  the  cracks  offered  is  that 
the  contraction  in  the  lower  blocks  during  the  cold  weather 
had  been  sufficient  to  break  the  upper  blocks  and  by  lapping  the 
joints  a  small  amount,  we  did  not  get  that  effect  as  the  ad¬ 
hesion  of  the  surface  in  contact  was  less  than  the  strength  of  the 
upper  layer  of  concrete,  and  thus  sliding  instead  of  cracking 
occurred. 

In  spite  of  the  precaution  taken  to  secure  water  tightness 
and  the  adoption  of  a  water-proofing  membrane,  this  reservoir, 
compares  very  favorably  in  cost  per  million  gallons  with  reser¬ 
voirs  of  similar  size  as  shown  in  the  following  tabulation  of 
costs  of  some  large  basins  constructed  in  the  United  States. 
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Reservoir  Location 

Queen  Lane  Philadelphia,  Pa. 

New  Roxborough  Philadelphia,  Pa. 
Settling  Basins  Cincinnati,  Ohio 
Service  Reservoir  Minneapolis,  Minn. 
Prospect  Rochester,  New  York 

Northside  Pittsburgh,  Pa. 


Capacity  in 
Million  Gallons 
383 
147 
330 
93 
110 
150 


Cost 

$1,188,000 

524,000 

1,276,000 

442,000 

554,000 

676,000 


Cost  per 

Million  Gallons. 
$3100 
3600 
3900 
4750 
5000 
4100 


Mr.  J.  A?  Ferguson  :  There  might  be  questions  asked  as 
to  why  only  the  sides  of  the  basin  floor  were  reinforced?  And 
just  how  the  reinforcement  was  tied  together,  where  the  bars 
crossed  each  other;  whether  the  reinforcement  was  put  on  the 
top  or  bottom  of  the  slab  and  whether  it  is  intended  simply  to 
tie  the  concrete  together  or  to  act  to  distribute  the  water  pres¬ 
sure  over  the  area  of  each  particular  block  or  slab  of  concrete? 

I  do  not  have  any  remarks  to  make  on  the  subject  of  the 
reinforced  concrete,  except  to  say  that  in  almost  all  cases  where 
temperature  changes  are  likely  to  take  place  it  lias  been  found 
sufficient  that  the  average  amount  of  reinforcement  called  for 
by  those  who  write  papers  and  publish  their  designs  is  a  little 
too  low  for  practical  purposes.  In  many  cases  I  have  observed, 
especially  in  retaining  walls,  cracks  occur  where  we  did  not  make 
joints  in  the  construction.  That  brings  me  to  a  question  which 
I  would  like  to  ask,  how  much  reinforcement  was  placed 
longitudinally  in  the  retaining  wall  and  how  often  were  ex¬ 
pansion  joints  placed  in  it? 

Mr.  E.  E.  Lanpher:  I  presume  the  first  question  is  as  to 
the  reinforcement  in  the  slab  at  the  upper  end  of  the  slope, 
where  the  reinforcement  was  necessary  due  to  the  loose  gravel 
of  the  revetment.  This  reinforcement  was  placed  at  the  bottom 
of  the  slabs.  Except  over  the  revetment  the  floor  blocks  were  laid 
on  good  foundation. 

The  walls  on  the  Friday  Ave.  side  were  constructed  in  48 
ft.  sections;  the  dividing  walls  in  the  basin  were  constructed  in 
*8y2  ft.  sections;  the  base  of  the  retaining  wall  was  constructed 
in  8  ft.  sections,  but  that  was  because  of  the  interference  of  the 
timbers  that  held  Friday  Ave.  in  place.  The  longitudinal  bars 
of  the  Friday  Ave.  wall  were  i/2  in.  rods  on  24  in.  centers. 

Mr.  EL  EL  Rankin  :  Has  any  study  been  made  of  the 
amount  of  evaporation  on  a  reservoir  of  this  size,  as  to  whether 
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it  would  pay  to  make  it  deeper  and  with  not  so  much  surface. 
Have  you  any  data  as  to  what  the  evaporation  amounts  to? 

Mr.  E.  E.  Lanpher:  There  have  been  any  quantity  of 
observations  made  as  to  evaporation.  There  were  no  extended 
studies  or  observations  as  to  evaporation  applying  particularly 
to  this  case.  For  such  a  reservoir. as  this  it  is  largely  a  con¬ 
struction  problem,  depending  on  contours.  You  have  to  make 
the  reservoir  deep  enough  to  get  a  balance  between  cut  and  fill. 
Every  other  consideration  is  dwarfed  in  comparison  with  that. 
To  dig  deeper  and  then  to  waste  the  soil  is  the  thing  to  be 
avoided. 

Mr.  S.  L.  Fuller  :  One  of  the  most  interesting  points  that 
wq  discovered  in  the  course  of  the  construction  work  was  in 
relation  to  the  waterproofing.  This  consisted  of  three  plies  of 
saturated  burlap  mopped  on  with  hot  asphalt.  The  specifica¬ 
tions  said  “all  surfaces  receiving  waterproofing  shall  be  clean, 
dry  and  smooth.”  The  word  “dry’’  in  relation  to  setting  con¬ 
crete  was  subject  to  the  decision  of  the  Inspectors  and  naturally 
was  an  open  point  for  argument  as  in  order  to  keep  the  work 
moving,  we  desired  to  lay  the  waterproofing  as  soon  as  possible 
while  the  Inspectors  held  out  for  strictly  dry  surfaces.  We  had 
occasion  to  remove  one  of  the  top  blocks  and  much  to  our  sur¬ 
prise  and  gratification  we  found  that  while  the  layer  of  water¬ 
proofing  which  had  been  mopped  on  to  the  24  hour  old  concrete 
had  no  adhesion  to  it  at  all,  yet  the  top  block  which  had  been 
poured  wet  on  to  the  asphalt  could  not  be  separated  from  it. 
We  then  made  several  experiments  and  we  found  that  the  best 
bond  between  the  asphalt  and  concrete  was  obtained  when  the 
asphalt  was  mopped  on  as  soon  as  the  concrete  had  set  so  that  it 
could  be  walked  on  without  injury.  The  theory  we  advance  is 
that  as  soon  as  concrete  starts  to  set,  it  starts  to  dust  and  by 
applying  the  asphalt  practically  before  this  starts,  we  a\oid  the 
thin  layer  of  dust  which  it  is  impossible  to  remove  and  which 
prevents  the  close  adhesion  of  asphalt  to  concrete. 

Probably  the  most  remarkable  thing  about  the  job  was  the 
speed  obtained  in  laying  the  four  inch  floor  slabs.  Through  a 
carefully  designed  concrete  plant  with  one  Ransome  40  cu.  ft. 
mixer,  motor  driven,  we  were  able  to  average  375  cu.  yds.  per  day 
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for  a  period  of  four  weeks,  the  maximum  day’s  output  being 
489  cu.  yds.  Concreting  was  not  started  until  June  17th  and 
since  then  we  have  put  in  approximately  30,000  cu.  yds.  All 
of  the  material  for  this  was  hauled  by  five,  five-ton  Pierce  Ar¬ 
row  motor  trucks  which  we  found  most  economical  in  operation. 
These  we  worked  24  hours  a  day  and  they  have  hauled  some¬ 
thing  over  70,000  tons  of  material  over  a  distance  of  1%  miles, 
the  last  %  mile  being  all  up  a  4  to  6  percent  grade. 

A  Member  :  What  about  the  economy  of  the  hauling  by 
motor  trucks  as  compared  with  horse  and  wagon? 

Mr.  S.  L.  Fuller  :  It  would  have  taken  wagons  a  day,  to  ■ 
say  nothing  of  “snatching*’  the  teams  up  the  hill.  It  is  im¬ 
possible  for  a  team  to  make  more  than  six  trips  a  day  with  a 
two  yard  wagon.  That  means  11%  hours.  The  economy  of  the 
motor  truck  was  marked.  We  cut  down  the  haul  by  probably 
half  over  what  we  could  have  accomplished  with  teams,  and  it 
would  have  been  impossible  to  complete  the  reservoir  in  one 
season  had  it  not  been  for  the  truck  proposition  because  we 
could  not  have  worked  150  teams  in  and  out.  As  it  was,  with 
the  team  making  six  trips  a  day  from  the  hoist  to  the  job  we 
had  to  snap  them  all  up  the  hill.  We  put  on  three  teams  and 
had  four  teams  to  bring  up  the  three  wagons.  That  was  before 
we  procured  the  trucks.  Of  course,  the  upkeep  of  trucks  is 
heavy  on  that  hill,  but  there  is  no  question  that  the  truck 
proposition  was  the  life  saver  of  the  job. 

There  was  one  thing  about  the  job  that  made  it  bad.  It 
was  started  as  a  contract.  Through  the  legal  questions  which 
arose  it  could  not  be  awarded  until  the  middle  of  the  season 
of  1912,  and  that  threw’  it  late  in  the  Fall  before  we  could  get 
any  plant  on  the  job,  and  the  first  season’s  work  really  did  not 
amount  to  anything.  Of  course,  the  drainage  was  put  in  in 
the  first  season  and  that  helped  a  lot.  But  we  were  up  against 
the  proposition  this  Spring  of  getting  a  concrete  plant  installed. 
We  could  not  get  that  until  we  got  the  excavation  all  done.  It 
w’as  the  17th  of  June  wrhen  we  started  to  line  the  reservoir  and 
we  had  25  000  yards  of  concrete  to  pull  through  that  mixer 
after  the  17th  of  June.  It  is  all  in  but  about  1500  yards. 
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Mr.  George  H.  Danfortii  :  Going  back  to  the  trucks,  after 
the  season’s  work  is  over  are  they  good  for  much? 

Mr.  S.  L.  Fuller:  Oh  yes.  They  are  not  for  sale  but  I 
venture  to  say  they  have  a  value  of  about  50  percent  their 
original  cost.  They  cost  $5000  and  they  are  worth  $2500  now. 
We  do  not  believe  in  keeping  machinery  and  as  soon  as  we 
have  the  first  service  out  of  machinery  we  let  somebody  else 
get  the  second  service.  We  find  that  more  economical.  But 
these  trucks  are  not  bad.  If  I  remember  right,  to  the  first  of 
September,  the  cost  of  repair  parts  that  we  had  to  put  on  was 
something  like  $15.00.  Of  course,  there  was  a  lot  of  repair  parts 
furnished  by  the  maker  under  the  guaranty,  but  I  do  not  think 
we  spent  $100  for  repairs  other  than  the  general  repairs  you 
have  to  do.  We  have  a  night  repair  man  and  a  day  repair  man 
and  if  anything  goes  wrong  with  the  truck  there  is  a  man  there. 

Mr.  H.  H.  Rankin  :  Did  you  figure  on  taking  your  ma¬ 
terial  up  the  hill  on  an  incline  ? 

Mr.  S.  L.  Fuller:  I  do  not  know,  that  was  before  I  was 
on  the  job.  It  was  contemplated  by  some  of  the  bidders.  Ter¬ 
minal  facilities  on  an  incline  proposition  would  have  been  a 
difficult  one  to  work  out  because  the  railroad  is  right  on  the 
bank  of  the  river  and  you  would  have  to  cross  the  railroad 
tracks  and  the  highway  and  the  trolley  track  on  a  supported 
incline  before  you  get  to  the  hill,  and  then  when  you  get  up  the 
hill  you  have  to  come  down  the  other  side.  The  water  tank  has 
an  elevation  of  something  like  80  ft.  It  is  down  the  other 
side  100  ft.  And  the  value  of  the  incline  after  the  job  is  over 
would  be  nothing,  while  the  value  of  the  trucks  is  material. 

Mr.  Elmer  K.  Hiles:  What  type  of  tire  did  you  use? 

Mr.  S.  L.  Fuller:  What  they  call  a  Goodrich  wireless. 
Tires  are  a  big  expense  on  the  truck,  and  we  had  to  do  a  good 
bit  on  the  roads.  We  had  to  agree  to  run  between  the  street 
car  tracks  and  where  we  ran  off  the  street  car  tracks  on  the 
brick  pavement — I  do  not  know  what  the  contract  was — but  the 
result  is  that  we  have  to  relay  them. 

A  Member:  What  was  the  method  used  to  get  the  proper 
support  under  the  60  ft.  section  that  was  undermined? 
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Mr.  S.  L.  Fuller:  The  wall  was  not  injured  at  all.  We 
simply-  took  out  the  stud  that  had  slipped,  the  line  that  was 
slipped  was  marked  and  retamped  the  embankment  under  there 
prior  to  putting  the  same  toe  pier  in  underneath.  The  slip 
did  not  do  any  damage  at  all  but  it  gave  us  a  little  nervous 
prostration. 

Mr.  L.  P .  Blum  :  I  would  like  to  ask  Mr.  Lanpher  what 
was  the  condition  of  the  old  steel  pipe. 

Mr.  E.  E.  Lanpher  :  It  was  fine.  There  was  practically  no 
sediment  or  sand  in  the  bottom  of  the  pipes.  It  was  in  excel¬ 
lent  shape,  as  good  as  I  have  ever  seen  and  there  was  little 
evidence  of  rust.  The  mineral  rubber  coating  was  still  in  good 
condition  after  fourteen  years  in  the  ground. 

Mr.  L.  P.  Blum  :  How  deep  was  it  laid? 

Mr.  S.  L.  Fuller  :  About  4  ft.  on  the  average.  That  same 
old  pipe  through  Sharpsburg  was  very  badly  pitted  on  the  out¬ 
side. 

I  want  to  say  on  the  subject  of  laying  that  waterproofing 
that  it  was  a  surprise  to  me.  The  only  reason  that  we  could 
dope  out  as  to  why  that  does  not  stick  on  the  fairly  dry  con¬ 
crete  side  as  it  does  on  the  practically  wet  concrete  is  the  dust 
that  is  on  the  concrete.  Here  is  a  piece  of  saturated  burlap. 
I  can  crumple  it  all  up  and  my  hand  is  just  as  clean  as  it  was 
before.  The  reason  for  that  is  that  the  saturated  burlap  has 
been  treated  with  ash  of  some  kind  to  keep  it  from  sticking  so 
you  can  unload  it  on  rollers.  Now  there  is  some  sort  of 
dust  that  dries  on  the  outside  of  the  concrete,  possibly,  that  pre¬ 
vents  it  from  sticking  as  well. 

Mr.  Paul  S.  Whitman:  I  should  like  to  inquire  in  refer¬ 
ence  to  the  steel  plate  pipe  previously  mentioned.  What  pro¬ 
vision,  if  any,  was  made  to  prevent  the  steel  from  rusting?  Was 
the  pipe  covered  with  a  protective  coating  or  was  the  surface 
of  the  steel  simply  scraped  clean  and  then  embedded  in  the 
concrete  ? 

Mr.  E.  E.  Lanpher  :  All  steel  pipe  was  covered  with  the 
same  mixture,  Pioneer  Rubber  Coating  applied  by  a  dipping 
process.  Practically  all  steel  pipe  made  in  the  Pittsburgh  Dis¬ 
trict  is  covered  with  that. 
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Mr.  Paul  S.  Whitman  :  My  reason  for  bringing  this  point 
to  the  attention  of  the  meeting  is  due  to  the  fact  that  there  seems 
to  be  a  marked  diversity  of  opinion  among  engineers  as  to  the 
proper  protection  for  steel  pipe  lines  and  penstocks  embedded 
in  concrete.  A  recent  instance  brought  to  my  attention  was 
that  of  a  pipe  line  recently  fabricated  by  the  firm  with  which 
I  am  connected  for  the  City  of  Baltimore.  The  steel  pipe  in  this 
case  was  10  ft.  in  diameter  and  when  erected  was  to  have  an  in¬ 
side  coating  of  concrete  2 y2  in.  thick  and  an  outside  coating  of 
the  same  material  4  in.  or  more  in  thickness.  The  specifications 
called  for  sand  blasting  the  steel  before  shipment  from  the  fab¬ 
ricating  shop  and  then  applying  an  inside  and  outside  coat  of 
whitewash  to  protect  the  steel  during  transit  from  Pittsburgh  to 
Baltimore.  At  the  erection  site  the  whitewash  was  to  be  re¬ 
moved  by  the  use  of  wire  brushes  and  the  sand  blasted  sur¬ 
faces  of  the  steel  were  to  come  directly  in  contact  with  the 
encasing  concrete.  This  was  done  to  insure  a  firm  bond  between 
the  steel  and  concrete  which  would  not  be  possible  if  the  steel 
were  covered  with  a  protective  coating.  The  concrete  cover¬ 
ing  itself  is  then  relied  upon  to  furnish  sufficient  protection  to 
prevent  the  steel  from  rusting. 

Mr.  E.  E.  Lanpher  :  I  think  that  possibly  has  some  merit. 
Some  day  I  am  going  to  say  that  I  believe  in  putting  in  cast 
iron  pipe  without  coating,  but  for  another  reason  entirely. 
Without  doubt,  the  concrete  will  adhere  better  to  a  plain  steel 
surface  than  to  a  painted  surface  but  it  will  be  practically  im¬ 
possible  to  coat  the  inside  of  a  pipe  by  the  dipping  process 
without  coating  the  outside.  The  steel  pipe  connections  in  the 
embankment  only  were  covered  with  concrete;  the  objects  of  the 
concrete  being  to  distribute  the  earth  load  and  prevent  leakage 
from  following  along  the  smooth  pipe  surface. 


CONSTRUCTION  DETAILS  OF  THE 
PANAMA  CANAL  LOCK  GATES 


By  K.  A.  Pendergrass* 


Before  taking  up  this  subject,  it  may  he  well  to  review 
some  of'  the  general  features  of  the  canal: 


The  length  of  the  canal  from  deep  water  in  the  Atlantic 
to  deep  water  in  the  Pacific  is  fifty  miles.  Leaving  the  At¬ 
lantic,  a  vessel  will  pass  through  an  approach  channel  to  the 
Gatun  Locks;  here  it  will  he  raised  a  distance  of  eighty-five 
feet  to  the  level  of  Gatun  Lake.  This  will  be  accomplished  by  a 
series  of  three  locks.  Through  Gatun  Lake  it  will  proceed  for 
a  distance  of  twenty-five  miles  to  the  Culebra  Cut.  After  pass¬ 
ing  through  this  cut  a  distance  of  nine  miles  to  Pedro  Miguel, 
it  will  he  lowered  thirty  and  one-third  feet  in  one  lockage  to 
Lake  Miraflores.  The  distance  through  this  lake  is  about  one 
and  one-half  miles.  1  lie  vessel  will  then  he  lowered  to  the 
level  of'  the  Pacific  Ocean  in  a  series  of  two  locks  at  Miraflores. 
It  will  then  complete  its  passage  through  the  canal  by  passing 
out  through  the  channel  into  the  Pacific  Ocean.  The  time  oc¬ 
cupied  by  such  a  passage  will  be  from  ten  to  twelve  hours. 

From  the  foregoing,  it  will  be  seen  that  the  locks  are  in 


three  different  groups,  at  Gatun,  Pedro  Miguel  and  Miraflores. 
All  of  these  locks  are  double,  corresponding  to  the  two  tracks 
ot‘  a  double  track  railroad. 

The  lock  chambers  are  110  ft.  wide,  1000  ft.  long  and  of 
such  a  depth  as  to  give  a  draught  of  40  ft.  As  it  was  found 
when  deciding  upon  the  size  of  the  lock  chamber  that  over  95 
percent  of  the  vessels  of  the  world  were  under  600  ft.  in  length, 
it  was  decided  to  subdivide  each  chamber  by  means  of  intermed¬ 
iate  gates  into  lengths  of  600  ft.  and  400  ft.  These  intermedi- 
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ate  gates  are  77  ft.  high  except  at  Pedro  Miguel,  where,  on 
account  of  a  greater  lift  they  had  to  be  made  79  ft.  high. 

At  the  lower  end  of  each  series  of  locks  guard  gates  are 
provided  for  protecting  the  service  gates  just  above.  These 
gates  open  toward  the  lower  level  to  hold  back  the  water  out¬ 
side  of  the  locks  whenever  it  is  found  desirable  to  unwater  the 
locks  for  repairs.  These  gates  are  47  ft.  4  in.  high  except  at  the 
Pacific  entrance  where  they  had  to  be  made  66  ft.  high  on  ac¬ 
count  of  a  tidal  variation  of  over  20  ft.  The  tidal  variation  at 
the  Atlantic  entrance  is  only  2  ft. 

At  the  upper  end  of  each  series  guard  gates  are  also  pro¬ 
vided.  These  gates  are  54  ft.  8  in.  high.  Other  guard  gates 
are  also  provided  at  the  lower  end  of  the  higher  level  in  each 
group. 

The  majority  of  the  gates  are  77  ft.  high,  but  there  are 
gates  47  ft.  4  in.,  54  ft.  8  in.,  66  ft.,  77  ft.,  77  ft.  10  in.,  79  ft. 
and  82  ft.  to  satisfy  varying  conditions,  only  part  of  which  have 
been  outlined.  The  total  number  of  gates  is  forty-six. 

To  protect  the  gates  at  the  upper  and  lower  approaches 
and  at  other  points  where  the  destruction  of  a  gate  might  open 
up  connections  between  two  levels,  fender  chains  have  been  pro¬ 
vided. 

At  Gatun,  Pedro  Miguel  and  Miraflores  above  the  upper 
locks  there  have  been  provided  emergency  dams  to  prevent  the 
rush  of  water  from  the  higher  to  a  lower  level  in  the  event  of 
any  of  the  gates  being  damaged. 

At  first  consideration  was  given  to  using  rolling  gates  to 
protect  the  regular  gates.  After  going  into  the  design  of  such 
a  gate,  it  was  found  that  the  weight  of  a  single  gate  would  be 
as  much  as  two  thousand  tons.  It  was  decided  that  this  would 
be  too  expensive  and  that  such  a  gate  would  be  too  unwieldy. 
It  was  then  decided  to  make  the  guard  gates  as  well  as  all 
others  of  the  mitering  type,  and  to  protect  them  with  fender 
chains  as  already  mentioned. 

A  slope  of  two  horizontal  to  one  vertical  was  decided  upon. 
This  for  a  width  of  lock  of  110  ft.  made  the  length  of  each 
leaf  64  ft.  The  weight  of  one  leaf  varied  from  three  hundred 
and  ninety  tons  for  a  height  of  47  ft.  4  in.  to  seven  hundred 
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and  thirty  tons  for  a  height  of  82  ft.  There  were  a  total  of 
ninety-two  leaves,  which  together  with  the  spare  parts  weighed 
sixty  thousand  tons. 

It  was  decided  to  build  up  the  gates  of  a  succession  of 
girders  rather  than  to  use  an  arched  gate.  It  was  considered 
that  the  latter  type  of  gate  would  be  more  expensive  to  fabricate 
and  that  it  would  require  thicker  walls,  thus  again  increasing 
the  cost  of  the  locks.  It  was  also  decided  to  sheath  up  both 
sides  of  the  leaves,  whereas  in  the  design  of  smaller  gates  it 

has  been  customary  to  put  sheathing  on  only  one  side  of  the 

leaf. 

In  the  lower  part  of  the  leaf  the  girders  are  spaced  3  ft. 

8  in.  apart,  in  the  middle  section  4  ft.  2  in.  and  in  the  upper 
part  5  ft.  apart. 

The  lower  half  of  the  leaf  was  made  watertight  to  make  the 
structure  buoyant  and  thus  relieve  the  bearing  and  anchorage. 
The  upper  half  of  each  leaf  was  made  watertight  only  on  the 
downstream  side,  thus  allowing  this  part  of  the  leaf  to  fill  up 
with  water.  Each  leaf  was  divided  up  into  compartments  by 
means  of  vertical  frames.  In  the  lower  part  of  the  leaf  or  air 
chamber  three  sets  of  these  frames  were  made  watertight,  thus 
giving  four  watertight  compartments.  Access  was  obtained  to 
a  compartment  from  the  one  next  to  it  through  manholes  in  the 
|  frames.  In  the  watertight  frames  these  manholes  were  covered 
'  by  doors  which  could  be  opened  from  either  side  of  the  frame. 
There  were  also  manholes  through  the  horizontal  girders  but 
which  were  not  covered  with  doors  except  at  the  top  of  the  air 
chamber.  The  air  chamber  was  made  accessible  from  the  top 
of  the  leaf,  even  though  the  upper  part  was  filled  with  water, 
by  means  of  a  watertight  manshaft.  This  manshaft  had  at  the 
extreme  top  a  watertight  cover  which  prevented  water  getting 
down  into  the  leaf  when  the  top  was  sprayed  by  waves. 

The  gates  when  closed  with  the  water  pressure  on  the  up- 
stream  side,  act  as  three  hinged  arches.  The  thrust  at  the 
hinges  instead  of  being  concentrated  at  the  girders  is  made 
continuous  by  means  of  a  series  of  short  vertical  girders,  or 
diaphragms  “  A  *’  as  they  have  been  called  throughout  the  design 
and  construction.  These  diaphragms  frame  into  the  main 
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girders  and  are  braced  by  means  ot  another  set  ol  diaphragms 
“ B V’  connected  to  the  horizontal  girders  and  sheathing  plates. 
Diaphragms  “A”  transfer  the  thrust  to  end  reaction  castings. 
*  These  eastings  have  wings  connecting  to  both  sides  of  the  leaf. 
The  end  reaction  castings  transmit  the  thrust  in  turn  to  nickel 


steel  bearing  plates,  on  each  of  which  one  face  is  turned 
to  a  radius  of  IOV2  in-  The  flat  face  of  these  bearing  plates  ^ 
are  tapped  for  bolts  which  go  through  the  head  of  the  end 
reaction  castings.  These  holts  are  for  the  purpose  of  adjust¬ 
ing  the  bearing  plates  to  obtain  a  perfectly  vertical  line  of 
contact.  After  the  bearing  plates  are  adjusted  to  their  final 
position,  the  small  space  between  them  and  the  end  reaction 
castings  is  filled  with  babbitt  metal.  At  the  center  of  the  ; 
gate,  the  bearing  plates  on  the  miter  ends  of  the  two  leaves  1 
come  together.  At  the  quoin  end  the  bearing  plates  come  in 
contact  with  another  bearing  plate  haying  a  concave  surface 
bored  to  a  12  in.  radius' and  attached  to  castings  built  into  the  1 

masonry. 

The  weight  of  the  gate  when  the  lock  is  empty  is  entirely 
supported  at  the  quoin  end  of  the  leal,  this  is  not  in  accord-1 
ance  with  European  practice.  For  the  largest  gates  built  in 
Europe,  rollers  have  been  provided  under  the  miter  end  which  ^ 
roll  on  a  track  built  into  the  bottom  of  the  lock  chamber.  To 
transfer  the  entire  weight  of  the  leaf  to  the  mason  ,  a  laigel 
steel  heel  casting  is  built  into  the  bottom  panel  of  the  leal  at 
the  quoin  end.  This  serves  to  collect  the  weight  of  the  gate 
and  to  transfer  it  to  a  smaller  casting  made  of  vanadium  steel 
and  connected  to  the  lower  side  of  the  bottom  girder.  This 
casting  is  called  the  “upper  pintle  casting''.  In  it  is  fastened 
a  manganese  bronze  bushing,  which  in  turn  fits  over  a  liemij 
spherical  nickel  steel  pintle.  This  pintle  in  turn  is  supported 


by  a  casting  built  into  the  masonry. 

As  has  been  mentioned,  the  entire  weight  of  the  leaf  is  j 
supported  at  one  end,  thus  involving  a  cantilever  action.  To  ^ 
prevent  overturning,  the  upper  end  of  the  leaf  is  held  b\  mean^B 
of  a  vanadium  steel  yoke  casting  connecting  to  a  casting  built 
into  the  masonry  and  fastened  to  the  anchorage.  Tins  casting 
has  two  jaws  to  connect  to  the  different  parts  of  the  anchor- 


F'8’  1-  Upper  Level  at  Gatun,  looking  North. 


/ 


Fig.  3.  View  showing  Completed  Gate 


i 


Fig.  4.  Upstream  View  of  77  ft.  Guard  and  Service  Gates. 


Fig.  5.  Assembly  of  Castings  at  Pintle  Bearing 
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age.  The  specifications  required  that  two  of  these  yokes  be 
tested  to  destruction  or  to  the  capacity  of  the  largest  testing 
machine  in  the  United  States.  Arrangements  were  therefore 
made  for  making  this  test  on  the  eye-bar  testing  machine  at 
Ambridge.  In  this  test,  while  it  was  found  possible  to  rupture 
the  smaller  jaw,  yet,  although  a  load  of  3  625  000  lb.  was  ap¬ 
plied,  it  was  found  impossible  to  rupture  the  larger  jaw.  This 
yoke  casting  projects  between  the  upper  girder  of  the  leaf  and  a 
structural  steel  yoke,  a  nickel  steel  pin  10  in.  in  diameter 
passing  through  holes  bored  in  the  yoke,  yoke  casting  and 
upper  girder;  the  hole  in  the  yoke  casting  being  fitted  with  a 
manganese  bronze  bushing. 

As  has  been  pointed  out,  both  sides  of  the  leaf  are  cov¬ 
ered  with  sheathing  plates,  which  vary  in  thickness  from  7-16 
in.  at  the  top  to  1  inch  at  the  bottom  of  the  largest  leaf.  This 
sheathing  is  stiffened  at  intervals  by  channel  or  angle  inter- 
costals.  The  sheathing  or  skin  plates  have  horizontal  splices 
at  each  girder.  The  splice  plates  covering  these  joints  also 
serve  as  cover  plates  for  the  girders.  The  sheathing  plates  do 
not  extend  quite  to  the  ends  of  the  girders,  but  butt  against  a 
bent  plate  running  vertically,  which  ties  the  sides  and  ends  of 
the  leaf  together.  The  bent  plates  on  the  two  sides  are  spliced 
by  a  vertical  end  plate.  The  bent  plates  are  spliced  to  the 
sheathing  plates  by  doubling  plates.  These  plates  are  extremely 
large  at  the  most  vital  parts  of  the  leaf,  viz:  the  yoke  and  heel 
connections. 

The  leaves  are  opened  and  closed  by  means  of  a  strut  con¬ 
nected  to  the  top  girder.  This  strut  is  attached  at  the  other 
end  to  a  gear  19  ft.  in  diameter.  This  gear  is  operated  through 
a  train  of  smaller  gears  by  means  of  a  50  h.  p.  motor  at  500 
r.  p.  m.  The  total  gear  reduction  is  in  the  ratio  of  1800  to  1, 
and  the  time  of  operation  is  two  minutes. 

On  the  top  girder  of  each  leaf  at  the  miter  end  is  placed 
a  miter  forcing  mechanism.  This  is  to  bring  the  two  leaves  to¬ 
gether  when  slightly  separated  or  warped  by  temperature 
changes.  This  mechanism  also  serves  to  keep  the  two  leaves 
locked  together  against  wave  action. 

When  the  lock  chambers  are  full  of  water,  the  upper  half 
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of  the  gate  is  also  filled.  To  allow  the  water  to  flow  out  of  the 
gate  when  the  water  level  is  lowered,  holes  are  cut  in  the  up¬ 
stream  sheathing  plates  in  the  panel  just  above  the  air  chamber. 
Scuppers  are  also  provided  to  drain  out  the  water  standing  on 
top  of  the  air  chamber  girder  and  below  the  bottom  of  the  holes 
in  sheathing  plates.  These  scuppers  are  in  the  form  of  elbows, 
connecting  to  the  web  of  girder  at  top  of  air  chamber  and  ex¬ 
tending  through  the  sheathing  in  the  panel  just  below. 


Fig.  6.  Upstream  View  of  Partly  Opened  Gate. 


701 


PENDERGRASS — CONSTRUCTION  OF  PANAMA  CANAL  LOCK  GATES 


The  upstream  sheathing  plates  are  extended  about  3  ft. 
above  the  top  girder.  This  serves  to  support  the  curb  on  one 
side  ol  a  t oot walk  2  tt.  4  in.  wide.  This  walk  is  supported 
by  frames  resting  on  the  top  girder.  On  the  lower  guard  gates 
the  walk  is  made  much  wider  and  rails  are  provided  with  a  <3 
tt.  gauge  and  curved  at  the  center  so  that  cars  can  be  run 
across  these  gates.  The  walks  are  protected  on  each  side  by 
gas  pipe  railing.  To  avoid  interference  with  towing  ropes, 
the  railing  is  made  collapsible  and  is  operated  by  a  7  h.  p. 
motor  turning  a  screw  on  which  two  bronze  cross  heads  travel. 
The  travel  ot  these  cross  heads  brings  levers  into  action  which 
revolves  the  railing  posts  into  a  horizontal  position,  which  is 
made  possible  by  the  tee  at  the  top  of  the  post  being  pin  con¬ 
nected  to  the  post.  The  gas  pipe  used  in  the  center  section  of 
the  rail  is  made  smaller  in  diameter  so  that  it  will  telescope 
into  the  other  rails. 

As  some  water  might  leak  into  the  air  chamber,  provision 
was  made  to  pump  this  out.  Suction  pipes  extend  from  a 
centrit  ugal  pump  in  the  center  to  each  compartment.  This 
pump  is  operated  by  a  7 y2  h.  p.  motor  placed  in  the  top 
compartment  of  the  air  chamber.  A  float  is  placed  in  the  bot¬ 
tom  compartment  and  is  connected  by  means  of  a  chain  run¬ 
ning  up  through  a  pipe  to  a  float  switch  on  top  of  the  leaf. 

At  the  bottom  of  the  downstream  side  of  each  leaf  is  fixed 
a  wooden  sill.  This  sill  is  of  greenheart  timber  which  was  se¬ 
cured  in  Demerara,  South  America.  This  timber  is  so  hard  that 
it  is  free  from  the  attacks  of  teredo  and  other  wood  boring 
parasites.  Its  specific  gravity  is  so  great  that  it  will  not  float 
in  water.  This  timber  is  quite  difficult  to  work  but  is  liable 
to  crack  if  exposed  to  the  sun.  To  avoid  this  it  should  be  sub¬ 
merged  in  water  or  painted  with  a  preparation  called  “Lorac”. 
When  the  gate  is  closed,  this  timber  bears  against  a  similar 
timber  attached  to  a  casting  in  the  floor  of  the  lock  chamber. 

At  the  top  of  the  leaf  on  the  downstream  side  is  attached 
a  greenheart  fender  to  protect  the  steelwork  from  the  rubbing 
of  vessels. 

The  unusual  feature  of  this  work  from  a  bridge  shop  point 
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of  view,  is  that  a  large  amount  of  the  construction  must  be 
watertight  and  that  the  work  must  be  fabricated  with  such  a 
degree  of  accuracy,  that,  when  erected,  very  little  water  will 
come  through  at  the  bearing  points.  The  specifications  call  for 
all  rivets  in  watertight  work  to  have  pan  heads.  On  account  of 
the  enormous  number  of  rivets,  there  being  a  total  of  5  750  000 
field  rivets,  it  was  deemed  advisable  to  investigate  the  practice 
of  plants  building  pipes,  tanks,  boilers  and  ships.  It  was  found 
to  be  the  practice  in  building  pipes,  tanks  and  boilers  to  use 
cone  head  rivets,  particularly  for  watertight  structures.  For 
gas  tight  structures  countersunk  rivets  were  frequently  used. 
On  ship  work  it  was  found  to  be  the  general  practice  to  use 
countersunk  heads  not  only  for  outside  work  but  also  for  the 
interior  work,  such  as  bulkheads.  This  head  is  not  made  flush 
with  the  surface  of  the  steel  but  has  a  slight  curved  projection. 
The  angle  of  countersink  is  somewhat  different  from  that  or¬ 
dinarily  used  by  a  bridge  shop  and  the  depth  of  countersink  is 
considerably  greater.  This  refers  particularly  to  the  United 
States  Naval  Standard,  which  was  followed  for  all  countersunk 
rivets  in  this  work.  It  was  finally  decided  to  use  a  countersunk 
head  for  all  watertight  rivets  in  the  legs  of  angles  on  water¬ 
tight  frames  and  girders  where  it  would  be  difficult  if  not  im¬ 
possible  to  caulk  around  the  entire  head.  For  all  other  rivets 
where  the  rivet  head  was  easily  accessible,  pan  head  rivets  were 
used.  As  the  specifications  required  that  all  holes  be  punched 
small  and  reamed  in  the  field  after  assembling,  all  field  holes 
where  countersunk  heads  were  to  be  used  had  to  be  countersunk 
in  the  field.  To  save  this  expense,  the  erector  obtained  permis¬ 
sion  to  use  pan  head  instead  of  countersunk  head  rivets  for 
those  rivets  connecting  watertight  frames  to  sheathing.  It  was 
soon  found  that  this  resulted  in  a  considerable  number  of  leaky 
rivets  so  that  this  was  abandoned. 

As  has  been  mentioned,  the  air  chamber  was  subdivided 
into  four  compartments  by  watertight  frames.  The  angles  of 
these  frames  were  caulked  against  the  girders  and  sheathing 
plates.  The  flange  angles  of  the  girders  except  those  at  top 
and  bottom  of  air  chamber  were  however  not  caulked  against 
the  webs.  This  would  permit  water  to  pass  from  one  compart- 
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ment  to  another  by  going  between  the  web  and  flange  angles. 
To  prevent  this,  water  stops  were  placed  between  the  flange 
angles  and  webs  at  all  watertight  frame  connections.  These 
water  stops  were  made  of  No.  10  cotton  duck  canvas  soaked 
with  red  lead  and  linseed  oil.  Similar  water  stops  were  used 
in  a  great  many  other  places  where  caulking  would  be  impossible. 
They  were  used  under  channels  and  angles  where  it  would  have 
been  necessary  to  caulk  the  heels  of  these,  as  this  was  considered 
undesirable.  They  were  used  under  pieces  which  had  to  be 
bolted,  such  as  the  bottom  fender  angles.  They  were  also  used 
as  an  extra  precaution  in  some  places,  as  under  the  end  reaction 
castings  and  heel  castings. 

A  considerable  number  of  bolts  were  used,  particularly  in 
attaching  the  castings  to  the  gates,  and  practically  all  of  these 
had  to  be  made  watertight.  This  result  was  accomplished  by 
using  grummets  under  the  heads  or  nuts  of  the  bolts.  These 
grummets  were  made  of  hemp  fiber  in  the  form  of  a  washer 
and  soaked  in  red  lead  and  linseed  oil.  To  prevent  the  grummet 
from  being  destroyed  when  the  nut  was  screwed  up,  a  thin 
washer  i/g  in.  or  ^  in.  thick  was  placed  between  the  nut  and  the 
grummet. 

As  there  were  several  hundred  thousand  feet  of  metal  which 
had  to  be  caulked,  the  question  of  whether  such  edges  should  be 
beveled  for  caulking  was  investigated.  It  was  found  that 
boiler  and  tank  works  generally  sheared  such  edges  on  a  bevel. 
This  was  done  apparently  to  obtain  a  sharp  caulking  edge.  As 
the  specifications  for  this  work  required  that  all  sheared  edges 
be  planed,  it  would  have  been  necessary,  to  follow  this  practice, 
to  plane  all  such  edges  on  a  bevel.  It  was  decided  that  this  was 
not  necessary  and  that  it  the  edges  were  planed  at  right  angles 
to  the  surface  of  the  plate  a  sufficiently  sharp  edge  would  be 
obtained  for  caulking.  There  were  therefore  no  beveled  edges 
used  in  this  entire  work  except  for  a  small  amount  of  material 
which  was  less  than  y  in.  in  thickness.  Where  the  edges  of 
universal  mill  plates  had  to  be  caulked,  these  edges  were  planed 
for  this  purpose. 

At  the  intersection  of  vertical  and  horizontal  splices  on 
the  skin  a  joint  was  made  which  had  to  be  watertight.  At  first 


Fig.  7.  Water  Chamber  Girder,  completed  ready  for  shipment. 
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consideration  was  given  to  scarfing  the  vertical  plates  to  a  knife 
edge,  inserting  this  edge  in  under  the  horizontal  plate  as  is 
generally  done  in  tank  work.  This  practice  however  was  not 
adopted.  The  ends  of  the  vertical  plates  were  milled  with  only 
1-32  in.  clearance  and  butt  caulked  against  the  horizontal  plates. 

The  watertight  frames  had  a  hounding  angle  which  was 
caulked  against  girders,  sheathing  plates  and  webs  of  frames. 
This  angle  was  designed  with  four  joints  which  were  to  lx*  butt 
caulked.  This  was  tried  hut  did  not  prove  satisfactory.  Electric 
welding  was  also  tried  hut  abandoned.  Dishing  the  webs  of  the 
frames  to  form  flanges  was  also  investigated  hut  was  considered 
too  expensive.  It  was  then  decided  to  forge  these  angles  hv 
hand  as  is  done  on  similar  angles  used  in  building  ships,  and 
anglesmiths  were  secured  from  some  of  the  ship  building  plants 
to  do  this  work.  The  angles  to  be  forged  were  cut  long  enough 
to  go  entirely  around  the  frame.  These  angles  were  then 
crimped  in  four  places  to  tit  over  the  flange  angles  of  the  girders. 
F-shaped  pieces  were  then  cut  out  at  four  points  so  that  when 
the  angle  was  bent  into  a  rectangular  outline  there  would  he  no 
excess  of  metal  at  the  corners.  These  corners  were  then  welded, 
making  one  continuous  frame.  The  accuracy  obtained  by  these 
anglesmiths  in  making  these;  frames  is  marvelous  to  one  not 
familiar  with  this  kind  of  work. 

The  horizontal  girders  are  7  ft.  deep.  This  depth  had  to  be 
reduced  at  the  ends  to  accommodate  tlu*  end  bearings.  This  was 
accomplished  by  curving  tlu*  upstream  side*  of  the  girders  for  a 
short  distance  to  a  radius  of  15  ft.,  sloping  from  the*  end  of 
the  curve  to  the  end  of  the  gireler.  The  flange  angles  em  this 
side  of  the  girder  were  punched  in  an  angle  multiple  punch  be¬ 
fore  bending.  These  angles  were  afterwards  bent  without  heat¬ 
ing  in  a  large  bulldozer.  A  few  angles  were  spoiled  before  tlu* 
correct  allowance  in  the  spacing  of  tin*  holes  was  determined 
to  offset  tlu*  effect  of  stretching  in  bending.  This  however  was 
a  small  matter  compared  with  the  saving  brought  about  by 
punching  four  angles  at  a  time  instead  of  laving  off  and  punch¬ 
ing  one  hole  at  a  time,  which  would  have  1  ecu  necessary  if  tin* 
angles  had  been  bent  before  being  punched. 

The  bent  plates  at  tlu*  ends  had  to  lx*  made  with  a  great 
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degree  of  accuracy  to  meet  with  the  approval  of  the  Engineer 
in  charge.  These  plates  were  heated  and  bent  in  the  bulldozer 
at  first,  but  as  satisfactory  results  could  not  be  obtained,  ar¬ 
rangements  were  made  to  have  them  bent  at  Homestead  in  the 
armor  plate  department  of  the  Carnegie  Steel  Co. 

The  ends  of  the  girders  had  to  be  made  with  great  accuracy 
to  fit  properly  to  the  end  reaction  castings.  To  accomplish  this, 
cast  steel  frames  were  made  to  conform  to  the  outline  of  the 
girder.  These  frames  were  used  in  fitting,  and  were  kept  in 
place  until  the  girder  was  entirely  riveted. 

It  was  also  important  that  all  girders  be  made  of  exactly 
the  same  length.  To  secure  this  result,  a  pair  of  milling  ma¬ 
chines  was  purchased  and  set  carefully  to  the  correct  angle  and 
placed  at  exactly  the  right  distance  apart.  These  machines 
were  left  in  position  until  after  all  girders  on  the  entire  work 
were  milled  and  were  not  used  for  any  other  work. 

The  upstream  sheathing  and  cover  plates  had  to  be  bent  to 
conform  to  the  outline  of  the  girders.  The  sheathing  plates 
were  bent  in  the  shop  in  a  bending  roll.  The  cover  plates 
however  were  bent  in  the  field  as  erected. 

As  a  great  many  of  the  leaves  had  as  many  as  eighteen 
stories  and  as  .the  two  leaves  in  one  gate  should  be  of  practically 
the  same  height  on  account  of  the  miter  forcing  mechanism,  the 
matter  of  packing  up  of  the  various  members  was  considered. 
It  was  decided  to  make  the  watertight  frames  1-16  in.  less  and 
the  non-watertight  frames  and  diaphragms  “A”  and  “B”  3-32 
in.  less  than  the  theoretical  lengths.  In  addition  to  this,  the  re¬ 
action  castings  and  frames  except  watertight  ones  were  made  *4 
in.  short  in  every  fourth  panel  and  fillers  of  various  thicknesses 
were  provided.  The  wisdom  of  this  was  demonstrated  when  the 
leaves  were  erected,  as  the  thickness  and  number  of  fillers  used 
varied  considerably  in  different  leaves. 

The  mill  scale  was  removed  from  all  material  either  bv 
sand  blasting  or  pickling.  In  general,  all  shop  riveted  work 
was  sand  blasted,  and  all  punched  work,  such  as  sheathing 
plates,  cover  plates,  doubling  plates  and  splice  plates  were 
pickled.  Before  building  the  pickling  plant  an  investigation 
was  made  of  the  practice  of  a  considerable  number  of  companies 
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having  such  plants.  Because  such  a  diversity  of  practice  was 
tound,  it  v  as  decided  to  make  an  investigation  to  determine  the 
following  points : 

f  irst:  The  influence  of  time  on  the  removal  of  scale  and 

rust. 


Second:  The  effect  of  temperature. 

Third:  The  influence  of  the  strength  of  the  solution. 
fourth  :  1  he  action  ot  the  solution  on  good  metal. 

Fifth :  The  comparative  results  to  he  obtained  by  the  use 
of  hydrochloric  and  sulphuric  acids. 

Two  hundred  and  sixteen  pieces  of  plate  4  X  8  X  in. 
in  thickness,  each  weighing  about  4  lb.  were  used.  One-half  of 
these  were  cut  from  plates  badly  rusted,  the  other  half  of  plates 
fresh  from  the  mill.  One-third  of  all  the  specimens  used  were 
sand  blasted,  on  the  assumption  that  the  action  of  the  solution 
on  these  would  be  a  measure  of  the  action  of  the  acid  on  the 
good  metal.  All  the  pieces  were  stamped  with  marks  for  the 
purpose  of  identification  and  were  weighed  on  balance  scales 
with  agate  bearings  and  accurate  to  0.01  ounce.  The  weight  and 
condition  of  each  piece  was  carefully  observed  and  recorded. 
The  plates  were  immersed  in  solution  of  1  to  15,  1  to  25  and  1 
to  35,  the  ratios  given  being  by  volume.  The  periods  of  im- 
\  mersion  vere,  for  hydrochloric  acid:  two,  six,  ten  and  fourteen 
l  hours ;  and  for  sulphuric  acid:  one,  two,  three  and  six  hours. 
The  temperature  of  the  solution  varied  from  50  to  110  deg.  Fahr. 

I  The  hydrochloric  acid  was  what  is  known  as  20  degrees  commer- 
|  cial  and  sulphuric  as  66  degrees  commercial.  After  removal 
i  from  the  bath  the  specimens  were  washed  in  lime  water  and 
then  all  loose  material  was  removed  by  rubbing  with  waste.  The 
plates  were  then  allowed  to  dry  and  then  weighed. 

The  deductions  made  from  these  experiments  were  as  fol¬ 
lows  : 

Fii st :  For  the  rapid  removal  of  scale,  sulphuric  acid  is  to 

be  preferred. 

Second:  The  rate  of  removal  of  scale  and  rust  is  a  direct 

function  of  the  temperature,  and  for  (|uick  action  the  solution 
should  be  heated. 

Tliitd:  The  rate  of  removal  of  scale  and  rust  increases  with 
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the  strength  of  the  solution,  but  for  sulphuric  acid  is  not  di¬ 
rectly  proportional  to  the  strength.  For  hydrochloric  acid  there 
seems  to  he  no  advantage  in  using  a  stronger  solution  than  1 
to  25. 

Fourth :  The  action  of  a  hydrochloric  acid  solution  on  good 
metal  practically  stops  after  six  hours,  but  with  a  solution  of 
sulphuric  acid  this  action  is  continuous  and  the  loss  of  metal 
nearly  proportional  to  the  time  of  immersion. 

In  general,  the  amount  of  weight  removed  in  sand  blasting 
was  more  than  that  removed  in  pickling.  The  amount  of  weight 
removed  from  the  sand  blasted  specimens  in  pickling  varied 
from  10  to  20  percent  of  that  removed  from  the  specimens  not 
sand  blasted.  The  greatest  percentage  of  loss  in  sand  blasting 
was  1  1-3  percent,  in  pickling  of  sand  blasted  specimens  *4 
percent  and  of  the  unsand  blasted  specimens  1  percent. 

Manholes  were  cut  in  the  watertight  frames  in  the  air 
chamber  to  admit  passing  from  one  compartment  to  another. 
This  required  manhole  frames  and  covers  to  prevent  the  pass¬ 
age  of  water  between  the  compartments.  These  covers  could 
be  opened  from  either  side  of  the  frame  by  means  of  levers, 
one  on  each  side  of  the  frame.  To  make  the  covers  watertight 
a  114  X  H  in.  rubber  gasket  was  specified  to  be  placed  between 
the  contact  surfaces  of  cover  and  frame.  It  was  soon  found 
that  the  pressure  produced  on  the  gasket  by  means  of  the  lever 
working  in  the  hasp  was  insufficient  to  prevent  leaks.  The  first 
step  taken  to  obviate  this  difficulty  was  to  reduce  the  width  of 
the  gasket  to  %  in.  so  as  to  increase  the  intensity  of  pressure. 
This  improved  conditions,  but  the  leakage  was  still  considerable. 
Various  types  of  gaskets  were  then  tried.  Some  of  these  had  a 
single  wire  core,  others  several  small  wire  cores.  The  one  found 
to  give  the  best  result  had  a  spiral  fiber  insert  and  the  top  of 
the  gasket  was  beveled  from  the  center  to  the  sides,  thus  greatly 
increasing  the  unit  pressure.  This  proved  quite  satisfactory  until 
a  water  pressure  on  the  cover  of  35  to  40  lb.  per  square  inch  was 
reached  when  the  gasket  would  blow  out.  To  overcome  this  a 
groove  was  cut  in  the  cover  into  which  the  gasket  was  inserted. 

Some  of  the  lower  guard  gates  were  erected  by  locomotive 
cranes  working  from  tracks  in  the  bottom  of  the  lock  chamber. 


10-  Upstream  View  showing  Completed  Gate  and  one  in  course  of  erection. 
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JNlost  of  the  gates  however  were  erected  from  the  top  by  loco¬ 
motive  cranes  running  out  on  to  specially  designed  erection 
bridges  spanning  the  lock  chamber.  These  bridges  had  a  span 
of  115  ft.  made  necessary  by  the  clear  width  of  chamber  of  110 
ft.  After  the  complete  erection  of  a  gate,  the  bridge  was  moved 
to  the  next  gate  by  running  it  along  rails  on  the  walls.  At  each 
lock  gate  recesses  were  provided  in  the  wall  so  that  the  gates 
when  open  would  swing  back  into  these  recesses,  leaving  the  full 
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width  oi  chamber.  l’hese  recesses  had  a  cover,  but  as  this  was 
not  considered  strong  enough  to  support  the  weight  of  the 
bridge  in  moving,  extensions  were  provided  to  increase  the  span 
of  the  bridge  sufficient  to  reach  beyond  the  recess. 

The  largest  cranes  used  were  fifty  tons  capacity.  The  heaviest 
pieces  lifted  were  the  girders,  which  weighed  eighteen  tons  each 
and  which  had  to  be  swung  into  position  with  a  reach  of  from 
20  to  25  ft.  This  produced  a  very  heavy  load  on  the  truss 


next  to  the  gate  and  a  comparatively  small  load  on  the  outside 
truss.  lo  partly  equalize  this  load  on  the  two  trusses,  verv 
heavy  bracing  was  used  between  them. 


The  leaves  could  not  be  erected  in  their  final  position  on  the 
pintle  bearings,  as  there  would  not  have  been  sufficient  space 
between  the  masonry  and  the  steel  to  allow  the  work  on  the  ends 
to  be  performed.  They  were  therefore  erected  about  5  ft,  out 
from  their  final  position  and  in  a  partly  open  position  so  as  to 
allow  room  for  working  around  the  miter  ends.  They  were 
placed  on  a  grillage  of  /-beams  which  had  been  set  perfectly 
true  to  level  and  grouted.  This  raised  the  leaves  above  their 
final  elevation,  which  was  necessary  to  give  access  to  the  under¬ 
side  of  the  bottom  girder  for  riveting  and  caulking  and  also  that 
the  leaves  might  he  moved  back  and  lowered  on  to  the  pintle  prev¬ 
iously  placed.  The  bottom  girder  was  fitted  with  the  upper 
pintle  and  heel  casting  and  then  laid  on  the  grillage  beams. 
The  skeleton  consisting  of  girders,  diaphragms  “A”  and  “B”, 
watertight  and  non-watertight  frames  and  intercostals  was  then 
erected  to  the  full  height.  In  this  work,  an  engineer’s  level  and 
transit  were  constantly  used  to  keep  the  steel-work  absolutely 
level  and  plumb.  To  make  this  possible,  different  thicknesses 
of  fillers  were  used  at  adjustment  points  which  occurred  at 
every  fourth  panel.  In  plumbing  the  leaves,  steel  cable  guys 
with  steamboat  ratchets  were  used.  In  this  operation,  40  lb. 
plumb  bobs  suspended  in  oil  by  a  piano  wire  were  put  in  po¬ 
sition  and  allowed  to  remain  until  the  gate  was  entirely  finished. 

When  the  skeleton  was  in  perfect  alignment  the  con¬ 
nections  of  the  various  diaphragms  and  intercostals  to  the 
girders  were  riveted.  This  was  then  followed  by  the  erection  of 
the  covering,  consisting  of  sheathing,  cover  plates,  doubling 
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plates,  splice  plates,  etc.  As  all  the  holes  in  these  were  punched 
small  in  the  shop,  the  next  operation  was  the  reaming  of  the 
holes.  For  this  purpose  special  electric  two  spindle  reamers  as 
well  as  ordinary  hand  reamers  were  used.  These  were  operated 
from  scaffolds  either  hung  from  the  top  of  the  leaf  or  fastened 
to  the  side.  After  the  reaming,  the  next  operation  was  riveting, 
followed  by  caulking.  The  tools  for  this  purpose  were  operated 
by  compressed  air. 

The  next  operation  was  preparing  the  end  plates  of  the  leaf 
for  the  erection  of  the  end  reaction  castings.  As  nothing  short 
of  perfection  was  satisfactory,  it  required  a  great  amount  of 
grinding  to  get  these  surfaces  absolutely  smooth  and  to  a  true 
vertical  line.  After  this,  the  end  reaction  castings  were  placed 
in  position  with  a  water  stop  between  them  and  the  steelwork. 
The  castings  were  adjusted  laterally  by  means  of  wedges  and 
various  thicknesses  of  fillers  between  them  and  the  doubling 
plates.  When  this  was  done,  the  castings  were  then  riveted  to 
the  leaf.  The  nickel  steel  bearing  plates  were  then  erected. 
They  were  plumbed  and  babbitted  on  both  the  quoin  ends  of 
leaves  forming  one  gate.  These  bearings  were  however  bab¬ 
bitted  at  only  one  of  the  two  miter  ends  in  a  gate.  The  next 
step  was  to  attach  a  pair  of  “A”  frames  to  each  side  of  a  leaf. 
These  “A”  frames  were  supported  on  adjustable  wedge  devices 
such  as  have  been  used  to  obtain  the  proper  camber  in  the  erec- 
tion  of  large  truss  bridges.  These  wedges  rest  on  nests  of 
rollers.  The  leaf  was  then  jacked  back  into  position  and  lowered 
by  means  of  the  wedges  on  to  the  pintle.  The  yoke  at  the  top 
was  connected  and  the  leaf  finally  swung. 

The  specifications  required  that  the  entire  air  chamber, 
the  frames  subdividing  it  into  compartments  and  the  down¬ 
stream  sheathing  above  the  air  chamber  be  made  watertight 
and  that  as  a  preliminary  test  of  this  watertightness  that  the 
gate  be  subjected  to  the  impact  from  a  fire  stream  from  a  hose 
2  in.  in  diameter  with  a  smooth  1-inch  nozzle  with  a  pressure 
at  the  nozzle  of  at  least  80  lb.  per  sq.  in.  It  was  pointed  out 
that  this  method  of  testing  would  prove  unsatisfactory,  as  this 
stream  would  be  applied  from  the  outside  or  caulked  side  of  the 
structure  and  that  if  any  leaks  developed,  it  would  be  very 


Fig-  12.  General  View  at  Pedro  Miguel  showing  Erection  Bridges. 
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uncertain  where  the  leak  actually  occurred,  as  the  water  might 
seep  out  on  the  inside  at  a  considerable  distance  from  the  leak. 

The  method  finally  adopted  was  to  fill  up  the  entire  air 
chamber  and  manshaft  with  water.  If  any  leaks  developed,  the 
water  would  then  show  at  the  point  where  the  leak  actually 
occurred  and  this  joint  could  be  then  readily  caulked.  This 
was  a  very  severe  test,  as  the  pressure  was  against  the  caulking. 

To  test  the  watertight  frames,  one  compartment  at  a  time 
was  emptied  and  an  inspection  of  the  frames  made  from  the 
empty  compartment. 

In  visiting  the  ship  building  plants  it  was  found  that  when 
a  ship  was  first  tested  for  watertightness  numerous  leaks  de¬ 
veloped.  Many  of  these  leaks  were  stopped  by  caulking,  but 
some  seemed  to  defy  all  ordinary  methods.  When  such  a  leak 
occurred,  a  hole  was  tapped  through  the  outer  plate  at  the  leak 
and  into  this  was  screwed  what  is  known  as  a  red  lead  gun. 
This  gun  consisted  of  a  cylinder,  into  the  lower  end  of  which 
was  fitted  a  pipe  for  screwing  into  the  tapped  hole  in  the 
vessel.  In  this  cylinder  was  a  piston  head,  the  piston  rod  ex¬ 
tending  through  the  upper  end  of  the  cylinder.  The  cap  of  the 
cylinder  was  tapped  and  the  piston  rod  threaded.  On  the  end 
of  the  rod  was  a  hand  wheel.  The  cylinder  was  filled  with  a 
red  lead  paste,  so  that  by  turning  the  wheel  this  paste  was 
injected  into  the  joints  under  considerable  pressure.  Such 
treatment  usually  stopped  the  leaks.  The  writer  saw  such 
guns  having  a  cylinder  6  in.  in  diameter  and  5  ft.  long.  Some 
of  these  guns  were  provided  for  use  on  the  Isthmus,  although  not 
as  large  as  the  ones  to  which  reference  has  been  made,  but  they 
were  never  found  necessary  and  were  therefore  never  used. 

After  the  water  test  was  concluded,  the  final  adjustment  of 
the  bearing  plates  .at  the  miter  end  was  made  with  the  gate 
closed.  As  has  been  mentioned,  only  one  of  the  two  miter 
bearings  in  the  gate  had  been  babbitted.  The  other  bearing 
plate  was  now  adjusted.  This  was  adjusted  approximately  to 
the  desired  position  in  the  day  time,  but  the  final  adjustment 
was  made  at  midnight  when  there  would  be  no  disturbing  effect 
from  the  sun  rays.  The  temperature  inside  of  the  leaf  at  this 
time  was  generally  about  eighty-two  degrees.  This  bearing 
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plate  was  set  to  an  opening  of  0.003  in.  at  the  top  and  0.024  in. 
at  the  bottom,  this  being  done  to  offset  the  effect  of  the  greater 
water  pressure  at  the  bottom.  After  the  final  adjustment  had 
been  made,  concrete  was  placed  in  the  bottom  panel  to  form  a 
sump  required  in  connection  with  the  pumping  system,  which 
was  then  installed. 

After  the  operating  strut  and  mitering  mechanism  had  been 
installed  by  the  Commission,  the  footwalk  was  put  in  place  and 
the  handrailing  erected.  The  leaf  was  not  yet  complete,  as  the 
painting  yet  remained  to  be  done.  This  was  a  big  undertaking 
in  itself,  as  the  entire  interior  was  coated  with  bitumastic  enamel 
applied  hot.  To  make  it  possible  for  men  to  work  in  the  in¬ 
terior  in  applying  this  hot  enamel,  a  ventilating  system  was  pro¬ 
vided. 

After  a  gate  was  entirely  completed,  the  final  test  was 
made  by  filling  the  lock  chamber  with  water  up  to  the  top  of 
the  gate.  The  results  obtained  in  this  test  were  quite  remark¬ 
able,  as  absolutely  no  leaks  developed  through  the  gate,  al¬ 
though  they  were  subjected  in  some  cases  to  a  head  of  80  ft. 
The  end  bearings  were  lined  up  so  perfectly  that  no  water  at 
all  got  through  at  these  bearings.  The  only  water  which  got 
through  in  any  place  was  at  the  bottom  sill.  One  of  the  erect¬ 
ors  on  the  work  made  the  statement  that  “One  man  could  drink 
all  the  water  coming  through  one  gate.”  Although  a  very  care¬ 
ful  study  of  the  details  had  been  made  and  every  precaution 
taken  to  insure  the  watertightness  of  these  structures,  all  those 
connected  with  this  work  were  very  much  interested  to  get  a 
report  of  the  test  of  the  first  gate  and  it  is  needless  to  say  that 
considerable  satisfaction  was  felt  when  these  reports  came  in. 

Another  indication  of  the  accuracy  of  the  work  was,  that  a 
single  workman  with  a  crow-bar  could  revolve  any  leaf  and  that 
in  one  case  the  leaf  could  be  turned  by  one  man  without  the  use 
of  a  crow-bar. 

DISCUSSION. 

Mr.  Samuel  E.  Duff*  :  The  author  is  to  be  congratu¬ 
lated  for  his  success  in  bringing  out  within  the  limits  of  one 
paper,  a  comprehensive  and  clear  description  of  the  essential 

"Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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facts  in  regard  to  the  design  and  construction  of  the  Panama 
Canal  Lock  Gates.  He  has  clearly  shown  the  ruling  reason  for 
the  adoption  of  miter  gates  throughout,  rather  than  the  adop¬ 
tion  of  the  principle  of  rolling  or  floating  for  the  movement 
of  the  guard  gates;  namely,  the  very  great  reduction  in  cost 
thereby.  No  doubt  this  matter  was  very  thoroughly  investigated 
by  the  Engineers  of  the  Canal  Commission,  and  it  would  be 
most  interesting  to  study  the  details  of  their  findings.  It  would 
have  been  more  interesting  to  study  a  comparison  of  actual 
contract  tenders  for  the  gates  under  the  two  designs.  The  re¬ 
duction  in  the  amount  of  duplicate  work  as  well  as  the  probable 
complications  and  delays  incident  to  the  erection  of  the  rolling 
gate,  as  against  the  design  adopted,  would  be  very  interesting 
if  expressed  in  money  values  as  calculated  by  contractors  mak¬ 
ing  tenders. 

The  adoption  of  the  miter  gate  design  afforded  great  pos¬ 
sibilities  for  duplication  of  parts,  and  this  was  taken  advantage 
of  to' the  greatest  possible  extent  by  the  Engineers  of  the  Com¬ 
mission.  The  author  has  not  brought  out  as  strongly  as  he  might 
have  done  this  phase  of  the  adopted  design.  The  use  of  such 
a  great  number  of  parts  exactly  the  same  in  all  respects,  served 
very  materially  to  decrease  the  cost  as  figured  by  all  contractors 
making  tenders.  The  contractors  who  actually  carried  out  the 
work  were  able  to  take  probably  greater  advantage  of  this 
feature  of  the  design  than  would  have  been  done  by  any  other 
fabricating  concern  capable  of  carrying  out  the  work.  The 
result  of  the  careful  study  of  the  design  by  the  Canal  Com¬ 
mission  with  the  specific  object  of  procuring  uniformity  of 
design  and  greatest  possible  proportion  of  exactly  similar  parts 
throughout  the  work,  together  with  the  advanced  facilities  of 
the  contractors  and  the  initiative  shown  by  their  organization 
in  extending  their  already  unique  fabricating  methods  to  the 
highest  efficiency,  resulted  in  a  cost  to  the  Government  for  these 
lock  gates  far  less  than  anyone  would  have  believed  possible 
before  the  contract  was  placed.  As  a  final  word  touching  the 
general  design,  it  is  certainly  remarkable  that  the  Engineers  of 
the  Commission  were  able  to  make  a  design  so  highly  efficient 
as  regards  fabrication  and  erection  that  practically  no  changes 
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were  made  during  the  construction.  It  seems  to  me  that  this  is 
one  of  the  greatest  lessons  to  be  learned  from  an  examination 
of  this  very  important  work. 

Referring  to  the  details  of  the  design  the  author  might 
have  brought  out  more  clearly  the  fact  that  the  girder  spacing 
and  other  details  of  all  gates  are  exactly  the  same  from  the 
top  of  the  gate  towards  the  bottom,  so  that  the  only  difference 
between  the  high  gates  and  the  low  ones  is  found  in  the  ad¬ 
dition  of  construction  at  the  bottom,  so  uniform  in  design  as  to 
produce  the  greatest  possible  number  of  additional  duplicate 
parts.  The  great  care  shown  in  working  out  the  design  of  the 
mitering  surfaces  so  as  to  permit  them  to  be  accurately  and 
permanently  adjusted  is  notable.  The  same  thing  may  be  said 
of  the  design  of  the  quoins.  It  will  be  very  interesting  to  note 
as  time  goes  by,  whether  or  not  the  use  of  the  gates  wTill  render 
inefficient  the  seal  procured  at  the  quoins  by  the  design  shown. 

It  is  to  be  regretted  that  the  author  has  not  more  com¬ 
pletely  shown  the  details  of  the  miter  closing  mechanism  as  well 
as  the  operating  machinery  for  the  gates.  We  understand  of 
course,  that  these  parts  were  not  included  in  the  contract  over 
which  the  author  had  supervision.  I  hope  the  Society  may  have 
the  benefit  of  a  full  description  of  the  design,  construction  and 
operation  of  these  parts  from  some  member  who  is  familiar  with 
them. 

It  would  also  be  very  interesting  to  know  what  provision, 
if  any,  was  made  by  the  designing  engineers  for  deflection  of  the 
gate  leaves  due  to  their  own  weight  when  the  locks  were  empty. 
The  elasticity  of  the  material  combined  with  the  great  weight 
would  certainly  cause  an  appreciable  difference  in  the  elevation 
of  the  miter  end  of  the  gate,  between  a  condition  of  support 
entirely  by  pintle  and  top  pin,  and  a  condition  of  partial  sup¬ 
port  of  the  gate  by  the  air  chambers ;  and  again  when  gates  were 
closed  and  weight  of  water  was  acting  on  the  top  of  the  gate. 
It  is  probable  of  course  that  the  different  leaves  would  act  uni¬ 
formly  and  thereby  maintain  constant  relations  between  the 
leaves  of  one  pair,  but  it  would  be  interesting  to  know  what 
calculations,  if  any,  were  made  on  this  point,  and  how  the  re¬ 
sults  checked  with  the  calculations.  It  would  also  be  interesting 
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to  know  whether  or  not  any  provision  was  made  for  compres¬ 
sion  of  the  leaves  under  the  thrust  of  the  water  when  lock  was 
full,  and  if  so,  how  these  calculations  checked  with  the  actual 
results.  This  would  likely  affect  the  adjustment  of  the  green- 
heart  sills. 

In  discussing  the  fabrication  of  the  gates  the  author  deals 
mostly  with  those  matters  which  undoubtedly  gave  the  com 
tractors  most  concern  for  the  reason  that  the  conditions  were 
different  from  what  their  usual  line  of  work  produces;  namely, 
the  necessity  of  water  tight  work  at  many  points.  Candid 
statements  of  the  author  as  to  the  difficulties  of  calking,  obtain¬ 
ing  water  tight  bulk  head  flanges,  etc.,  including  the  use  of 
canvas  water  stops  and  grummets,  indicate  the  worry  suffered 
by  structural  contractors  when  they  encounter  such  work.  The 
results  obtained  were  doubtless  good  considering  the  circum¬ 
stances. 

It  seems  to  me,  however,  that  the  author,  due  no  doubt  to 
modesty,  but  possibly  also  to  the  fact  that  it  does  not  seem 
unusual  to  him,  has  not  brought  out  clearly  the  fact  that  the 
small  amount  of  trouble  encountered  is  undoubtedly  due  to  the 
accuracy  with  which  the  fabrication  of  the  separate  parts  was 
carried  out.  Engineers  should  take,  particular  note  of  the  fact 
that  accuracy  in  fabrication  is  a  more  common  attribute  of  what 
is  known  as  structural  and  bridge  work  than  of  ship  building, 
or  other  types  of  work  which  can  be  compared  to  these  lock 
gates.  In  my  opinion  the  Commission  were  very  fortunate  in 
having  placed  this  contract  with  the  McClintic-Marshall  Con¬ 
struction  Company  for  the  reason  that  they  have  developed  to 
the  highest  degree  the  art  of  accurate  punching,  and  the  dupli¬ 
cation  of  exact  punching  on  different  pieces  of  material.  This 
is  an  old  story  to  the  author  and  for  that  reason  probably  does 
not  appear  to  be  of  so  great  importance  as  it  should  be  shown  to 
be  for  the  proper  information  of  all  engineers  who  examine 
this  subject. 

I  did  not  see  any  of  the  fabricating  work  done,  but  I 

strongly  suspect  that  practically  all  of  the  material  entering 

into  these  gates  passed  through  spacing  punches  which  produce 

absolute  accuracv.  I  believe  this  to  be  true  for  the  reason  that 

*/ 
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the  contractors  have  the  best  equipment  of  this  kind,  as  far  as 
I  know,  in  the  world,  and  the  design  of  these  gates  permitted 
the  use  of  the  spacing  punches  to  a  high  degree.  I  am  sure  the 
members  of  the  Society  would  be  greatly  instructed  by  a  full 
description  of  the  methods  and  results  obtained  by  spacing 
punches  as  against  the  more  common  method  of  laying  off  from 
templets  and  punching  one  hole  at  a  time. 

The  author  refers  to  this  matter  in  connection  with  the 
curved  angles  on  the  down  stream  sides  of  the  horizontal  girders, 
mentioning  the  difficulty  of  so  fixing  the  spacing  that  the  angles 
would  be  true  to  length  after  bending,  but  I  wish  he  would  give 
you  some  indication  of  the  enormous  saving  in  labor  and  ex¬ 
pense  brought  about  by  the  use  of  spacing  punches  on  this  lock 
gate  work.  It  would,  perhaps,  be  unfair  to  ask  him  to  indicate 
the  cost  in  terms  of  dollars  per  ton  for  the  punching,  but  he 
should  at  least  give  you  an  idea  of  the  comparative  number  of 
holes  which  can  be  punched  by  this  method  in  an  hour,  or  a 
day,  as  against  the  single  hole  method.  Great  credit  should  be 
given  the  contractors  for  their  care  and  accuracy  in  all  the 
operations  involved,  and  it  is  interesting  to  learn  of  the  care 
taken  to  provide  for  packing  of  a  large  number  of  pieces  close 
together  by  making  them  short  and  producing  the  proper  total 
length  with  the  minimum  of  adjustment,  but  in  my  opinion  the 
most  important  matter  is  the  accurate  punching  of  all  parts  of 
the  structure  to  a  uniform  standard  of  measurement.  This 
more  than  any  one  other  thing  made  possible  the  accuracy  in 
general  dimensions  of  the  structure  and  the  proper  fitting  of  the 
various  parts.  I  repeat  that  I  believe  the  author  and  the  con¬ 
tractors  owe  it  to  themselves  and  to  the  Society  to  describe  their 
punching  methods  in  general  terms  at  least. 

In  regard  to  the  riveting  to  produce  water  tight  work  it 
is  not  clear  just  what  the  author  means  by  a  pan-head  rivet. 
It  would  be  interesting  to  learn  the  exact  dimensions  of  this 
head  as  well  as  the  dimensions  of  the  counter  sunk  hole  which 
was  used  for  all  important  water  tight  rivets.  In  his  descrip¬ 
tion  of  the  investigation  of  this  matter  the  author  does  not 
refer  to  the  flat  head  made  by  an  entirely  flat  die  and  without 
counter  sinking  the  hole.  This  rivet  gives  the  greatest  efficiency 
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against  gas,  water  and  oil  under  pressure  and  costs  less  to  drive 
than  any  other.  Was  it  not  considered  for  this  work? 

The  author  mentions  the  use  of  special  electric  reaming 
machines  for  enlarging  the  shop  punched  holes  to  their  correct 
size  after  gate  material  was  assembled,  and  also  the  use  of  hand 
reamers  for  the  same  purpose.  It  would  be  interesting  to  know 
whether  or  not  any  single  spindle  electric  or  air  driven  reamers 
were  used,  and  to  have  a  comparsion  of  the  results  obtained 
from  the  different  types  of  tools.  It  would  also  be  very  inter¬ 
esting  to  know  just  what  form  of  reaming  bit  was  found  to  be 
most  economical,  and  especially  whether  of  ordinary  steel  or 
alloy  steel.  The  author  fails  to  tell  us  whether  or  not  all  of  the 
rivets  driven  in  erection  were  driven  by  hand  air  hammers  or 
whether  compression  riveters  operated  by  air  were  used  in  some 
cases.  A  comparison  of  the  results,  if  two  types  of  tools  were 
used,  would  be  particularly  interesting. 

The  operation  of  grinding  at  miter  and  quoin  ends  was  in 
this  case  very  extensive.  Information  as  to  the  tools  used  and 
the  results  obtained  would  be  particularly  interesting. 

The  author  mentions  that  in  the  adjustment  of  the  miter 
bearing  a  difference  of  0.021  of  an  inch  was  made  between  the 
top  and  bottom  for  the  purpose  of  offsetting  the  effect  of  the 
water  pressure  on  the  bottom  of  the  gate.  It  would  be  inter¬ 
esting  to  know  how  this  allowance  worked  out  in  practice,  .and 
also  whether  or  not  a  difference  developed  in  the  closure  of  the 
miter  when  different  loads  were  on  the  gate,  for  instance,  before 
the  level  of  water  in  the  lock  became  high  enough  to  produce  a 
weight  on  the  top  of  the  gate  and  when  the  maximum  load  was 
on  the  gate  at  high  water  level. 

Mr.  W.  C.  Coffin*  :  It  is  growing  late  and  I  will  make  my 
remarks  correspondingly  brief. 

I  am  afraid  that  the  last  speaker  (Mr.  Duff)  has  asked  for 
too  much  to  be  included  in  a  paper  such  as  can  be  read  at  one 
of  our  meetings. 

I  wish  to  congratulate  the  author  of  the  paper  for  what  he 
did  include  and  for  the  interest  that  he  has  stirred  up  on  the 
subject  of  fabrication  of  this  peculiar  class  of  steel  work. 

’Structural  Engineer,  Jones  and  Laughlin  Steel  Company,  Pittsburgh. 
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I  have  been  engaged  in  the  business  of  fabricating  water 
tight  work  for  many  years,  and  I  find,  as  we  do  in  other  lines 
of  industry,  that  many  of  our  experiments  are  on  lines  that  have 
been  worked  out  over  and  over  again  by  others.  Of  course  we 
cannot  always  have  the  benefit  of  the  experience  of  others,  and 
a-gain  when  working  on  new  specifications  we  are  fearful  that 
the  results  reached  elsewhere  may  not  be  fully  applicable  to  the 
work  in  hand. 

For  instance  iron  and  steel  sheets  have  been  pickled  for 
many  years  and  for  many  purposes,  all  sheets  are  pickled  before 
being  tinned  or  galvanized,  so  a  great  deal  of  data  could  have 
been  secured  in  connection  with  pickling  the  lock  gate  plates,  but 
they  were  doubtless  afraid  that  it  might  not  be  exactly  applic¬ 
able  to  their  work. 

Then  they  found  that  gaskets  would  blow  out  and  conse¬ 
quently  they  had  to  make  recesses  in  the  manhead  castings  for 
the  gaskets.  Every  ship  builder  knows  that  and  all  porthole 
frames  have  recesses  for  gaskets.  AVatts  learned  it  on  his  first 
steam  engines,  and  recessed  the  cylinder  heads  to  get  the  gas¬ 
kets  steam  tight.  Then  they  found  that  spiral  gaskets  were 
best  which  steam  fitters  learned  many  years  ago. 

The  beveling  of  edges  for  caulking  joints  is  called  for  in 
nearly  all  specifications,  yet  we  learned  years  ago  that  square 
edges  made  a  stronger  and  better  job  by  using  what  is  known 
as  a  split  caulking  tool,  but  it  is  still  difficult  to  get  engineers  to 
permit  the  caulking  to  be  done  that  way.  I  am  glad  that  they 
finally  got  it  adopted  on  the  lock  gates  as  the  square  edge  is  not 
only  cheaper  but  is  more  mechanical  and  stronger. 

Tlie  jogged  and  welded  angle  frames  that  were  beautifully 
illustrated  were  not  only  interesting  but  show  with  what  ac¬ 
curacy  an  experienced  blacksmith  can  work  and  also  make  it 
quite  clear  that  they  could  not  have  been  made  otherwise,  as 
butted  joints  will  leak,  even  though  planed  very  accurately. 

The  punching  of  angles  and  bending  them  afterwards  and 
yet  securing  perfect  fitting  is  an  art  that  requires  only  accurate 
figuring  on  correct  principles.  The  old  way  of  building  iron 
oil  tanks  was  to  ship  the  shell  plates  punched  but  bend  them  in 
the  field  to  the  proper  radius  by  simply  pulling  them  around  the 
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bottom  angle.  The  bottom  plates  were*  not  punched  for  the 
curved  angle  but  were  screw  punched  in  the  field  after  the  angle 
was  fitted  on  and  the  holes  marked  through  it.  This  added  a  big 
expense  and  made  the  erection  of  the  tanks  a  slow  job. 

It  is  but  comparatively  a  few  years  ago  since  the  Standard 
Oil  Company  entered  the  Kansas  Field  (about  1905).  The 
Company  I  was  connected  with  did  not  get  in  at  the  start,  our 
price  for  tank  material  delivered  was  too  high.  The  Oil  Com¬ 
pany  did  their  own  erecting.  Presently  we  got  an  order  and 
never  stopped  till  we  had  furnished  over  six  hundred  35  000 
barrel  tanks  (95  ft.  diameter).  They  paid  us  more  per  tank  but 
their  erecting  superintendent  reported  that  he  was  saving  time 
and  money  because  we  punched  all  the  holes  in  the  shop  and 
punched  them  to  fit.  Nevertheless  we  punched  all  the  holes  in 
the  angles  before  bending  and  the  holes  in  the  circle  of  the 
bottom  plates  by  a  multiple  punch.  These  tanks  were  not  only 
cheaper  to  the  Company  after  the  erection  was  taken  care  of,  but 
they  were  more  satisfactory,  and  when  it  came  to  wrecking  them 
and  moving  them  to  a  new  location  it  was  reported  to  us  that  the 
higher  quality  of  shop  work  was  even  more  appreciated. 

The  above  emphasizes  the  remarks  of  the  last  speaker  about 
the  work  on  the  lock  gates  being  evidently  made  right  in  the 
shop.  It  shows  great  economy  always  to  see  that  this  is  done  as 
the  saving  in  the  erection  is  more  than  the  extra  cost  in  the  shop 
and  the  economy  in  not  having  extra  work  made  necessary  to 
secure  acceptance  by  the  inspectors  is  quite  an  item.  The  moral 
satisfaction  in  knowing  that  the  work  is  right,  is  also  reflected 
in  the  interest  taken  by  the  whole  shop  and  field  organization, 
and  in  securing  greater  efficiency  from  those  forces  not  only  on 
the  work  in  hand  but  on  subsequent  contracts. 

Mr.  Archibald  McKinley*  :  There  are  one  or  two  questions 
brought  up  by  Mr.  Duff  that  I  might  be  able  to  answer. 

All  the  field  rivets  were  driven  with  the  ordinary  riveting 
hammers  and  air  buck-ups  that  we  use  on  our  erection  work 
here  in  the  States.  Some  attention  was  given  to  the  design  of 
special  machines  for  this  work  but  it  was  decided  to  use  the 
regular  equipment. 

•Engineer,  McClintic-Marshall  Company,  Pittsburgh. 
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In  regard  to  the  sagging  of  the  leaf  when  swung  on  the 
pintle,  the  maximum  deflection  of  any  leaf  at  the  miter  end 
was  y&  in.  when  all  shores  had  been  removed  and  the  gate  swung 

free. 

As  to  the  difference  between  the  large  power  driven  reamers 
and  the  air  and  electric  reamers  that  can  be  handled  by  hand, 
it  depends  on  how  many  holes  can  be  reached  with  the  large 
machines  without  reswinging  the  scaffolds.  The  scaffolds  for 
these  machines  were  large  affairs  with  a  narrow  gauge  track 
laid  on  them  for  the  machines  to  run  on  along  the  side  of  the 
leaf.  These  large  power  reamers  had  two  spindles  which  could 
be  operated  together  on  account  of  the  regular  spacing  of  the 
holes  which,  of  course,  gave  us  a  large  number  of  holes  reamed 
in  a  day,  but  the  amount  of  rigging  and  labor  required  to  swing 
and  operate  these  big  machines  I  believe  used  up  any  saving 
they  gave  over  the  portable  reamers. 

Mr.  Samuel  E.  Duff  :  That  is  what  I  wanted  to  get  at, 
whether  it  would  pay  somebody  to  buy  a  lot  of  these  machines. 

Mr.  Archibald  McKinley  :  It  would  not — unless  you  had 
'an  enormous  amount  of  work  to  do  with  little  reswinging  of  the 
scaffolds  necessary  to  carry  and  operate  these  big  machines  such 
as  we  used. 

Mr.  Samuel  E.  Duff:  What  do  you  use  for  the  bits, 
ordinary  carbon  steel,  alloy  steel  or  what  ? 

Mr.  Archibald  McKinley  :  The  reamers  used  were  three 
flute  and  five  flute,  all  of  high  speed  steel.  The  three  flute  were 
used  exclusively  on  the  large  reamers  and  we  had  the  five  flute 
for  the  small  reamers. 

Mr.  Samuel  E.  Duff:  Do  you  remember  the  speed  of  the 
power  driven  reamers? 

Mr.  Archibald  McKinley  :  The  speed  of  these  large  ream¬ 
ers  was  variable. 

Mr.  E.  W.  Pittman  :*  1  have  not  prepared  any  discussion 
of  the  paper  but  I  happen  to  know  in  regard  to  the  reamers 
that  high  speed  reamers  were  used. 

•Manager,  Pittsburgh  Works,  McClintic-Marsball  Company. 
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Mr.  Samuel  E.  Duff  :  Where  you  had  several  thicknesses 
of  material,  could  you  use  power  reamers  effectively  on  account 
of  varying  directions  of  the  finished  holes?  You  probably  had 
some  holes  that  you  could  not  finish  out  exactly  at  right  angles 
to  the  surface.  Did  you  have  any  difficulty  with  the  power 
reamer  in  deep  holes? 

Mr.  E.  W.  Pittman  :  The  horizontal  electric  power  ream¬ 
ers  were  not  used  in  such  places  but  air  reamers.  The  electric 
reamers  could  only  be  used  in  a  direction  normal  to  the  plate. 

Mr.  Harry  J.  Lewis!  :  I  do  not  know  of  anything  that 
interested  me  more  than  the  use  of  the  square  edge  instead  of 
the  beveled  edge  for  calking  joints.  In  this  case  it  was  a  matter 
of  water  pressure  only  and  not  over  forty  pounds  per  square 
inch  at  most.  When  the  joint  was  made  tight  there  was  not 
likely  to  be  much  need  for  another  calking  as  in  the  case  of  a 
steam  boiler  where  even  a  beveled  edge  is  sometimes  turned  into 
an  overhang  by  repeated  calking. 

Mr.  W.  C.  Coffin :  I  can  answer  Mr.  Duff’s  question  as  to 
the  mode  of  operating  the  gates,  both  from  seeing  the  detail  • 
drawings  and  also  from  an  inspection  of  the  operating  apparatus. 

The  mechanism  could  not  be  more  simple.  It  consists  of  a 
steel  arm,  attached  near  the  top  of  each  leaf  and  about  one-third 
the  Avay  out  from  the  hinge  center.  This  arm  is  fitted  with  a 
rack  that  meshes  with  a  large  gear  wheel. 

Between  the  motor  and  this  wheel  is  a  set  of  gears  which 
reduces  the  speed  perhaps  five  hundred  to  one.  The  rack  swings 
in  and  out  on  the  gear  wheel,  either  pulling  the  gate  open  or 
pushing  it  shut. 

Mr.  P.  E.  Hunter*  :  I  would  like  to  ask  whether  the 
concrete  was  placed  around  the  quoin  reaction  bearings  before 
or  after  the  gate  was  set ;  also  as  to  whether  the  angles  forming 
the  frame  of  the  bulkheads  were  planed  where  they  came  in 
contact  with  the  webs  of  horizontal  girders  and  the  sheeting 
plates,  or  whether  the  rolled  edges  were  simply  calked  against 
the  webs  and  sheeting. 

•{-Consulting  Engineer,  336  Fourth  Avenue,  Pittsburgh. 

^President,  Independent  Bridge  Company,  Pittsburgh. 
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The  Author:  The  quoin  castings  were  placed  before  the 
walls  were  built  and  were  concreted  in  when  the  walls  were 
poured.  The  bearing  plates  in  these  castings  were  erected  by 
the  lock  gate  contractor  but  were  assembled  and  adjusted  before 
any  of  the  gates  were  erected.  This  work  was  performed  while 
the  erection  equipment  for  the  gates  was  being  assembled. 

Mr.  Hunter  has  also  raised  the  question  about  the  angles 
on  the  watertight  frames.  These  angles  as  well  as  all  others 
which  had  to  be  calked  were  planed  as  it  was  considered  that  the 
rolled  edges  would  not  be  as  sharp  and  well  defined  as  was 
necessary  to  obtain  satisfactory  results  in  calking. 

Mr.  Duff  has  brought  up  several  matters  not  treated  fully 
in  the  paper.  To  go  into  all  of  these  as  thoroughly  as  their 
importance  would  warrant  would  take  an  entire  evening  in 
itself.  The  great  difficulty  in  presenting  a  paper  on  this  subject 
was  found  to  be  in  deciding  what  could  be  omitted  to  reduce 
the  length  of  the  paper  so  that  it  could  be  read  at  a  single 
session  of  this  Society. 

I  regret  that  I  am  unable  at  this  time  to  do  justice  to  the 
subject  of  deflection  of  the  gates  and  to  the  compression  of  the 
arch  ribs  as  brought  out  by  Mr.  Duff.  All  such  computations 
were  performed  by  the  Engineers  of  the  Canal  Commission  on 
the  Isthmus.  In  the  computation  of  stresses  the  girders  were 
not  considered  as  taking  the  water  pressure  for  the  half  panel 
just  above  and  below,  but  the  deformation  of  the  entire  gate  was 
considered  as  having  effect  on  the  stresses  in  the  individual 
girders  and  frames.  This  was  considered  necessary  because  the 
upper  girders  in  each  gate  were  considerably  heavier  than  neces¬ 
sary,  as  it  was  deemed  advisable  to  use  no  material  in  them  less 
than  in.  thick.  These  girders  with  the  vertical  frames  wrould 
thus  assist  the  girders  further  down  in  which  there  was  no 
excess  metal.  Then  again,  under  full  pressure,  the  sill  at  the 
bottom  of  the  gate  would  transfer  some  load  to  the  fixed  sill, 
thus  complicating  the  action  of  the  internal  stresses.  To  take 
these  matters  into  consideration,  the  elasticity  of  the  entire  gate 
had  to  be  considered,  and  the  gates  were  therefore  figured  as 
statically  indeterminate  structures.  This  required  the  solving 
of  as  many  equations  as  there  were  girders  in  a  leaf.  As  these 
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equations  were  iong  and  complicated,  it  can  be  readily  under¬ 
stood  that  these  computations  became  rather  laborious.  The 
theory  on  which  the  computations  were  based  I  believe  is  similar 
to  that  outlined  in  Molitor’s  Kinetic  Theory  of  Engineering 
Structures,  Chapter  XIV. 

Mr.  Duff  has  asked  for  information  in  regard  to  the  punch¬ 
ing  of  this  work.  He  has  called  attention  to  the  fact  that  with¬ 
out  the  use  of  spacing  tables  the  great  accuracy  obtained  would 
have  been  impossible  and  that  the  amount  of  time  required  to 
execute  the  work  under  the  old  time  method  of  laying  out  would 
have  been  prohibitive.  In  punching  the  greater  part  of  this 
work  Conley  Spacing  Tables  were  used.  This,  as  has.  been 
pointed  out,  resulted  in  much  more  accurate  work  than  with  the 
old  time  system  of  laying  out,  for  once  the  punches  and  stops 
are  accurately  set,  it  is  absolutely  impossible  to  deviate  from  the 
desired  spacing,  whereas  in  punching  work  laid  out,  the  operator 
sometimes  thinks  that  it  is  only  necessary  to  punch  out  the 
center  punch  mark.  This  method  of  punching  eliminates  the 
work  of  the  layerout  and  consequently  the  extra  handling  of 
material  involved  thereby.  This  allows  so  much  more  floor 
space  to  be  used  for  other  purposes. 

In  regard  to  the  pan  head  rivets,  I  believe  that  this  term 
is  not  used  in  boiler  and  tank  work.  It  is,  however,  used  in 
ship  building,  and  standards  for  such  rivets  are  to  be  found  in 
the  United  States  Naval  Standards.  The  height  of  a  %  in* 
rivet  of  this  type  is  9/16  in.,  the  large  diameter  1T%  in.  and  the 
small  diameter  %  in.  In  driving  these  rivets  a  button  set  was 
used,  causing  the  pressure  to  come  on  the  edge  of  the  head,  thus 
forcing  down  the  rim  and  by  this,  reducing  the  likelihood  of 
water  getting  under  the  head.  There  was  another  type  of  rivet 
used  called  a  tap  rivet,  which  corresponds,  I  believe,  to  the 
boiler  patch  bolt  of  tank  makers.  These  were  used  wherever 
it  was  impossible  to  use  ordinary  rivets  on  account  of  the  inter¬ 
ference  of  some  part  of  the  structure.  These  rivets 
were  threaded  and  provided  with  a  countersunk  head.  There 
was  a  small  square  shank  projecting  from  this  head  used  for 
screwing  in  the  rivet  and  which  ultimately  had  to  be  cut  off. 
The  question  of  using  flat  head  rivets  to  which  reference  has 
been  made,  I  believe  was  never  discussed. 
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With  reference  to  the  lack  of  necessity  of  changes  in  design, 
attention  has  not  been  called  to  the  fact  that  changes  were 
necessary.  The  principal  one  was  in  the  design  of  the  pumping 
system.  As  originally  designed,  there  was  to  be  an  air  tight 
sump  chamber  built  into  the  bottom  compartment  of  each  leaf. 
The  drainage  pipes  leading  to  this  were  controlled  by  valves 
which  were  to  be  closed  when  it  was  necessary  to  pump  water 
out.  This  pumping  was  done  by  forcing  air  into  the  pump 
chamber  through  one  pipe  which  would  force  the  water  out 
through  another  pipe.  The  pump  chamber  was  finally  omitted, 
the  wTater  allowred  to  drain  to  a  sump  in  the  center  and  a  centri¬ 
fugal  pump  installed. 

Another  change  was  in  the  construction  of  the  ends.  It 
was  found  very  difficult  to  obtain  a  satisfactory  construction  at 
these  points  and  it  was  only  after  considerable  study  that  the 
arrangement  finally  used  was  adopted.  The  difficulty  was  due 
to  the  fact  that  the  constant  distance  between  the  end  reaction 
castings  and  girders  had  to  be  filled  up  with  sheathing  plates, 
bent  plates,  doubling  plates  and  wedges  which  varied  consider¬ 
ably  in  thickness,  part  of  these  plates  running  horizontally  and 
part  vertically.  Also  to  the  fact  that  the  two  sides  of  a  leaf 
could  not  be  considered  independently  because  of  the  bent  plate 
tying  the  two  sides  and  end  together;  added  to  this,  consider¬ 
ation  had  to  be  given  to  arranging  the  construction  so  that  all 
joints  could  be  made  watertight. 

Attention  has  been  called  by  Mr.  Duff  to  the  fact  that  the 
design  was  so  made  that  great  duplication  of  parts  was  found 
possible.  This  was  done  not  only  to  secure  a  low  price  for  the 
fabrication  of  this  work  but  also  to  reduce  the  number  of  spare 
parts  which  it  would  be  necessary  to  keep  on  hand  to  repair  any 
ordinary  damages. 

Math  reference  to  the  nickel  steel  bearing  plates,  I  believe 
that  nearly  all  the  gates  built  have  been  constructed  with  wood 
bearing.  In  designing  the  largest  of  the  gates  for  Panama  it 
was  found  that  the  pressure  was  so  great  that  wood  could  not 
safely  be  used.  It  was  therefore  decided  to  use  the  nickel  steel 
bearing  plates  for  all  gates,  although  the  wood  would  have  been 
satisfactory  for  the  smaller  gates. 
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After  the  lock  gates  were  nearly  finished  in  the  shop,  the 
designs  were  received  for  a  gate  of  exactly  the  same  length  and 
outline  but  only  57  ft.  high  to  be  used  at  the  entrance  of  a  dry- 
dock  at  Balboa.  On  this  gate  wooden  bearings  were  used.  It 
has  always  seemed  to  the  speaker  that,  although  these  gates  were 
not  gotten  out  at  the  same  time  as  the  lock  gates,  that  in  order 
to  make  it  possible  to  use  the  spare  parts  from  the  lock  gates, 
that  they  should  have  been  made  exactly  the  same.  The  con¬ 
struction  at  the  end  on  account  of  the  use  of  wood  bearings  was 
entirely  changed  so  that  very  few  of  the  spare  parts  furnished 
for  the  lock  gates  can  be  used  for  the  drydock  gate. 

Mr.  Coffin  has  called  attention  to  the  fact  that  several  of 
the  matters  investigated  in  connection  with  this  work  have  been 
threshed  out  years  before  with  the  same  results.  The  points 
investigated  were  considered  of  sufficient  importance  to  warrant 
such  investigations.  It  should  be  remembered  that  the  amount 
of  work  included  in  this  contract  was  enormous  and  that  the 
erection  had  to  be  performed  in  a  tropical  country  at  a  long 
distance  from  the  shop  and  main  office.  Before  starting  the 
pickling  operations,  an  effort  was  made  to  find  out  from  those 
engaged  in  such  work  what  was  the  best  practice  to  follow.  An 
engineer  was  sent  around  to  make  an  investigation  of  several 
plants.  His  report  showed  such  a  great  diversity  of  practice 
that  it  seemed  best  to  make  the  experiments  already  outlined. 

Referring  to  the  matter  of  recessing  watertight  covers  for 
gaskets,  attention  should  be  called  to  the  fact  that  the  original 
designs  had  to  be  followed  until  it  was  demonstrated  that  they 
would  not  give  satisfactory  results.  An  effort  was  made  in  the 
beginning  to  have  the  covers  changed  to  the  type  used  in  ship 
building  work  where  the  gasket  is  fastened  positively  to  the 
cover.  This,  however,  was  not  permitted  by  the  Commission  on 
account  of  a  small  increase  in  the  cost. 

Mr.  Coffin  has  also  called  attention  to  the  fact  that  it  has 
been  known  for  years  that  beveled  edges  for  calked  work  were 
not  necessary,  but  that  engineers  in  charge  of  such  work  could 
not  be  so  persuaded.  Permission  was  obtained  from  the  engin¬ 
eers  in  charge  of  the  lock  gate  work  to  omit  the  beveling  with 
the  understanding  that  the  contractor  would  obtain  satisfactory 
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results  and  that  unless  such  results  were  obtained  beveled  edges 
would  have  to  be  used. 

A  word  might  be  added  in  regard  to  the  fender  chain.  This 
chain  will  normally  be  stretched  taut  across  the  canal.  A 
vessel  approaching  under  its  own  steam  will  have  to  be  stopped 
before  the  chain  will  be  lowered  into  a  recess  in  the  bottom  and 
side  wall.  The  vessel  will  then  be  towed  through  an  electric 
mule  running  on  tracks  on  both  sides  of  the  lock.  This  chain 
is  very  large,  made  up  of  3  in.  iron  and  is  designed  to  stop  one 
of  the  largest  ships  traveling  at  a  considerable  speed  in  a  dis¬ 
tance  of  <0  ft.  The  design  of  the  construction  necessary  to 
secure  such  results  is  very  interesting,  as  a  considerable  amount 
of  experimenting  and  testing  was  done  before  the  final  design 
was  adopted.  I  believe  that  a  paper  on  these  chains  would  be 
of  interest  to  the  Society. 

Mr.  Duff  has  inquired  in  regard  to  the  field  riveting.  These 
rivets  vere  all  driven  by  pneumatic  hammers.  The  compression 
type  of  riveter  was  considered  for  part  of  this  work  and  a  design 
of  a  special  riveter  for  this  work  was  made  up.  It  was,  how¬ 
ever,  abandoned,  as  it  was  found  impossible  to  keep  the  weight 
of  the  machine  within  the  limits  deemed  necessary  for  eco¬ 
nomical  use. 

I  Mr.  Samuel  E.  Duff:  I  think  Mr.  Pendergrass  ought  to 
tell  us  how  he  could  have  punched  those  gates  in  single  punches. 
If  he  did  not  have  any  spacers  how  could  he  have  gotten  those 
comparatively  thin  skin  plates  and  battens  or  reinforcing  plates 
and  the  girder  flange  angles  to  fit  in  50  ft.  lengths  on  account 
of  the  stretch  of  material?  I  want  to  bring  out  the  importance 
of  the  accurate  punching  of  these  different  parts  in  connection 
with  the  correct  general  dimensions  so  easily  obtained.  That 
has  not  been  brought  out  here  at  all.  That  is  the  real  point. 

I  On  account  of  the  length  of  the  material,  if  the  different  thick- 
|  ne®ses  had  been  punched  on  a  center  punch,  they  never  would 
]  ^ave  fitted  at  all ;  whereas  by  this  method  of  punching  used  by 
I  the  contractors,  the  stretch  of  the  material  does  not  affect  the 
spacing  of  the  holes. 

I  The  Author  :  I  do  not  believe  I  could  tell  that  story  as 
well  as  Mr.  Duff  can,  for  the  reason  that  my  experience  has  been 
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pretty  nearly  exclusively  of  the  later  type.  Since  I  have  been 
with  the  Company  all  the  work  has  been  punched  with  the  rack 
punches.  There  is  very  little  work  that  I  have  done  that  has 
not  been  so  punched.  That  is  one  of  the  difficulties  we  have 
to  overcome  in  making  a  shop  drawing  on  a  good  deal  of  work, 
as  it  is  very  often  designed  without  any  consideration  for  rack 
punching,  and  we  have  a  great  deal  of  trouble  in  adapting 
details  of  spacing,  etc.,  to  suit  these  punches,  but  as  far  as 
getting  results  are  concerned,  we  certainly  do  get  very  fine 
matching  of  the  holes. 

Mr.  P.  E.  Hunter:  The  question  of  relative  cost  of  rolling 
or  floating  and  miter  gates  has  been  raised,  and  having  built  a 
great  many  of  the  different  kinds,  and  erected  them  in  all  parts 
of  the  country,  I  can  answer  the  question  in  a  general  way. 

The  floating  gates — the  best  example  of  which  are  the  bear 
trap  gates  used  on  the  Ohio  River  to  regulate  or  control  the 
height  of  pool  and  to  draw  off  the  debris  gathering  at  the  dam— 
would  cost  about  the  same  as  a  rolling  gate,  taking  foundations, 
etc.,  into  consideration;  but  could  hardly  be  considered  prac¬ 
tical  for  locking  boats  through  the  lock  chamber,  and  particularly 
so  where  the  height  is  over  eighteen  to  twenty  feet. 

The  rolling  gate  is  generally  a  vertically  framed  gate,  having 
a  truss  or  girder  across  the  top  taking  approximately  33  to  40 
percent  of  the  pressure ;  depending  principally  on  the  connection 
of  verticals  to  truss  or  girder,  whether  hinged  or  rigid  the  bal¬ 
ance  being  transmitted  by  a  system  of  vertical  members  to  the 
flanges  of  wheels  bearing  against  a  gate  track  set  and  anchored 
in  concrete.  This  gate  is  better  adapted  to  places  where  the 
length  is  much  greater  than  the  height,  as  the  vertical  members 
being  short  would  be  much  lighter  than  the  long  horizontal 

girders  of  the  horizontally  framed  type. 

Generally  speaking,  the  rolling  gate  will  cost  about  30  per¬ 
cent  more  than  the  miter  gates,  this  percentage  increasing  with 
the  increase  in  the  height  of  lift  in  the  lock.  I  might  also  men¬ 
tion  that  there  is  a  saving  of  about  5000  cu.  yd.  of  concrete  and 
probably  50  000  lb.  of  steel  work  where  a  miter  gate  is  used 
instead  of  a  rolling  gate  for  the  heights  of  gates  as  used  on  the 
Ohio  River ;  the  saving  in  concrete  being  due  to  the  doing  away 
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with  gate  recesses,  and  that  of  the  steel  to  doing  away  with  the 
gate  track,  ties,  etc. 

As  to  the  amount  of  duplicate  work  in  the  different  types 
gates,  would  say  that  there  is  very  little  in  the  rolling  gates 
as  compared  to  miter  gates,  and  that  the  complications  are  very 
much  greater,  due  to  the  mechanical  parts,  requiring  axles, 
wheels,  springs,  housings,  links,  etc.,  and  also  on  account  of  ob¬ 
structions  from  time  to  time  on  the  track. 

Where  the  erection  of  a  rolling  gate  is  being  supervised  by 
someone  thoroughly  acquainted  with  the  engineering  end  of  the 
work  there  should  be  no  more  delay  or  trouble  in  erecting  them 
than  in  the  miter  gates,  but  very  careful  attention  must  be  given 
that  each  piece  goes  into  place  in  the  proper  order,  otherwise 
it  will  be  a  case  of  tearing  down  and  try  again. 

I  have  found  that  where  rivet  spacing  is  four  inches  or 
less,  holes  reamed  one-eighth  of  an  inch  or  more  larger  than  the 
punched  hole,  and  red  lead  used  plentifully  under  butt  straps, 
will  render  the  joints  along  straps  water  tight  where  a  height 
of  25  or  26  ft.  is  not  exceeded. 

The  air  reaming  on  this  heavy  work  is  very  costly.  We 
built  certain  reamers  according  to  our  own  ideas,  using  a  6% 
h.p.  motor  and  single  spindle,  and  were  able  to  cut  down  the 
cost  of  reaming  75  percent.  Two  men  are  able  to  handle  the 
machine.  Most  gates  are  being  specified  with  holes  sub-punched 
A  in.  smaller  than  the  size  of  rivet,  requiring  y4  in.  to  be  reamed 
out.  With  these  electric  reamers  we  found  two  men  could 

swing  around  the  work  and  remove  the  amount  required  very 
easily. 

The  lining  up  of  quoin  and  miter  posts  is  a  very  difficult 
operation,  and  I  undestand  on  the  Panama  gates  the  adjustment 
was  obtained  by  adjusting  one  side,  but  this  has  been  improved 
upon  since  by  making  possible  adjustment  on  each  side.  I  do 
not  approve  of  a  construction  where  the  quoin  reaction  bearing 
is  placed  before  the  gates,  but  am  very  firmly  of  the  opinion 
that  the  leaves  should  be  swung  on  their  pintles  and  adjusted 
to  their  final  position  with  relation  to  each  other,  and  while  in 

a  closed  position  adjust  the  quoin  bearings  and  sills  to  the 
leaves. 
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As  the  quoin  thrust  castings  are  made  in  sections,  the  quoin 
bearings  should  be  also  castings  in  sections  made  about  one- 
eighth  of  an  inch  less  in  length  with  provision  made  in  the 
design  to  fasten  the  bearing  castings  to  the  thrust  casting,  leav¬ 
ing  an  eighth  of  an  inch  between  bearing  castings  at  the  joints 
of  thrust  castings,  thus  doing  away  with  the  field  grinding. 
After  the  gates  are  adjusted  with  these  castings  in  place  the 
concrete  can  be  placed  around  bearing  castings,  and  when 
properly  set  the  tap  bolts  from  thrust  to  bearing  castings  can 
be  removed,  permitting  leaves  to  swing. 

The  point  raised  by  Mr.  Duff  regarding  effects  of  pressure 
and  deflection  of  gate  leaves  are  points  of  extreme  importance 
in  the  setting  of  the  gates  as  well  as  in  the  design,  but  are  some¬ 
times  overlooked  as  inspectors  are  seldom  aware  of  the  im¬ 
portance  of  them,  and  the  designers  seldom  see  the  work  during 
progress  of  construction. 

In  the  design  of  gates  provision  must  be  made  for  com¬ 
pression  of  the  leaves  due  to  thrust  of  water  as  well  as  the  load 
on  each  horizontal  girder  due  to  water  pressure  against  it.  This 
water  pressure  varies  according  to  depth,  but  only  directly  when 
the  leaves  are  in  miter  but  not  bearing  against  the  sills.  Under 
such  conditions  the  horizontal  girders  from  the  surface  of  the 
lower  pool  to  the  bottom  of  gate  would  be  of  the  same  strength, 
and  those  from  lower  pool  level  to  upper  pool  level  would  de¬ 
crease  in  strength  in  proportion  to  depth.  But  as  it  is  neces¬ 
sary  for  gates  to  bear  against  the  sill  to  obtain  a  seal  the  vertical 
rigidity  of  leaf  changes  the  forces,  causing  the  pressures  to  be 
distributed  somewhat  differently,  those  at  the  top  being  in¬ 
creased,  and  it  being  patent  that  if  the  lower  girder  bears  on 
the  sill  the  girder  would  be  relieved  of  its  load.  As  the  tem¬ 
perature  of  the  water  and  pressure  against  the  gate  affect  its 
length,  the  gates  might  be.  set  with  perfect  contact  at  sills  and 
miter,  and  due  to  change  of  temperature  or  pressure,  or  both, 
might  have  good  contact  at  miters  and  none  at  sills;  or  might 
fit  the  sills  and  have  poor  contact  at  the  miters.  Such  being 
the  different  conditions  under  which  the  gate  may  be  affected  it 
is  proper  to  design  the  girders  for  the  maximum  stress  they 
may  be  required  to  stand  due  to  depth  below  the  surface  or  due 
to  the  vertical  rigidity  of  gate. 
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The  deflection  or  sag  of  the  leaves  is  taken  care  of  by  the 
sheeting  plates  and  diagonals  designed  for  that  purpose,  but  it 
should  be  kept  in  mind  that  this  feature  can  be  taken  care  of 
entirely  only  in  the  erection  of  gates,  and  is  a  strong  argument 
why  quoin  bearings  should  be  set  only  after  leaves  are  erected 
and  adjusted  to  each  other. 

My  experience  in  the  building  and  erection  of  gates  has 
led  me  to  recommend  to  the  engineers  in  charge  of  work  that 
I  be  permitted  to  erect  the  leaves  with  girders  level  and  posts 
plumb;  to  move  leaves  in  resting  them  on  their  lower  pintle 
and  attaching  anchorage  to  top  pintle,  swinging  leaves  and  ad¬ 
justing  anchorage  until  the  miter  posts  touch  at  the  bottom,  and 
have  an  opening  of  from  one-quarter  of  an  inch  to  three-quarters 
at  the  top,  depending  on  the  height  of  gate  and  its  rigidity— the 
more  flexible  the  leaves  the  larger  the  opening,  as  the  pressure 
will  deflect  the  tops  of  leaves  at  unsupported  ends  down  stream, 
bringing  them  together. 

If  any  sagging  should  occur  later  at  the  miters  they  will 
always  form  a  contact  before  touching  the  sill  if  sill  is  properly 
set.  The  sill  should  be  set  against  the  gate  at  the  quoin  end 
when  gates  are  closed,  and  from  14  in.  to  %  in.  away  from  gate 
at  miter  end;  this  distance  depending  on  temperature  at  time 
gate  is  set,  length  of  leaves,  whether  sill  has  cushioning  strip, 
stiffness  of  lower  girder,  etc.  Part  of  the  opening  will  be  taken 
up  by  compression  on  leaf,  part  by  deflection  of  lower  girder, 
and  part  by  any  sagging  of  gate  that  may  take  place  in  the 
future. 


The  quoin  bearings  are  then  concreted  in,  and  inasmuch  as 
the  leaves  were  being  carried  in  their  working  condition  with 


strain  on  pintles  and  anchorage 
struction  must  prove  satisfactory. 


due  to  their 


weight,  the 


con- 


I  want  to  ask  the  writer  as  to  the  idea  of  using  a  two  inch 
hose  in  testing.  I  have  erected  many  of  the  bear  trap  gates  in 
the  Ohio  River  and  tested  these  on  the  inside,  using  a  in. 
nozzle  under  100  to  125  lb.  pressure,  and  they  rise  with  a  head 
of  from  14  to  18  inches  of  water. 


The  Author  :  Two  inch  hose  with  one  inch  nozzle  was 
specified  by  the  government  engineers.  I  do  not  know  what 
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their  reason  was.  While  they  did  not  say  that  was  to  be  applied 
to  the  outside,  it  was  so  understood.  We  felt  that  the  method 
adopted  would  prove  a  severe  test  and  one  which  would  show 
up  exactly  where  the  leaks  were. 

Mr.  Harry  J.  Lewis:  I  think  possibly  the  point  Mr.  Duff' 
has  in  mind  with  regard  to  the  spacing  machine  in  punching  is 
that  when  material  is  laid  off  from  template  and  punched,  the 
distance  between  holes  is  the  distance  on  the  template  plus  the 
stretch  in  punching ;  while  with  the  spacing  machine  the  ma¬ 
terial  is  simply  pulled  along  by  a  carriage  moving  on  a  graduated 
metal  track  and  the  spacing  of  the  holes  is  done  by  simply 
stopping  the  carriage  at  the  right  place  for  each  hole.  By  this 
latter  method  the  stretch  from  punching  each  hole  is  corrected 
in  each  space  and  the  hole  is  the  right  distance  from  the  first 
hole  within  the  limits  of  accuracy  of  the  graduation  rack. 


RECENT  DEVELOPMENTS  IN  THE 
HEAT  TREATMENT  OF 
RAILWAY  GEARING 


By  W.  H.  Phillips.* 


The  heat  treatment  of  steel  dates  back  many  years  but  it 
has  only  been  within  the  last  decade  that  really  important 
strides  have  been  made.  The  steel  man  of  yesterday  with  his 
equipment  of  human  pyrometers,  incorrectly  designed  furnaces 
and  limited  testing  apparatus,  if  he  did  succeed  in  producing  a 
good  piece  of  steel  properly  heat  treated  one  day,  might  not 
necessarily  produce  a  like  product  the  next. 

In  the  early  days,  machine  parts  were  designed  with  a  suf¬ 
ficiently  high  factor  of  safety  for  irregularities  of  material  and 
treatment  while  to-day,  when  the  cost  of  extra  weight,  the  addi¬ 
tional  expense  in  carrying  this  weight  in  moving  parts,  and  the 
limited  space  for  these  parts  are  considered,  it  becomes  neces¬ 
sary  to  go  to  a  stronger  material  of  a  more  uniform  quality. 
These  demands  have  resulted  in  improved  methods  of  manufac¬ 
ture.  By  the  aid  of  the  (better  equipped  chemical  laboratory  and 
what  is  even  more  important,  the  metallurgical  laboratory  with 
its  high  powered  photo-micrographic  outfit  where  the  steel  may 
be  examined  after  each  step  through  the  process  and  the  results 
checked  and  compared ;  and  with  the  great  store  of  experimental 
data  so  carefully  correlated,  the  heat  treatment  of  steel  is  grad¬ 
ually  coming  out  of  the  rule  of  thumb  class  to  that  of  a  science. 

There  are  many  remaining  points  that  still  have  to  be  in¬ 
vestigated  and  developed,  but,  nevertheless,  the  work  accom¬ 
plished  has  been  very  encouraging. 

In  the  whole  field  of  heat  treatment  of  steel,  we  believe  that 
no  greater  progress  has  been  made  than  in  its  application  to 
railway  gearing.  In  this  work  the  tendency  has  been  to  reduce 


,ishe/rr  Mf°r<\the  Mechanical  Section  of  the  Society,  December  1,  and  pub- 
lished  in  the  November,  1914,  Proceedings.  V 

‘Metallurgist,  R.  D.  Nuttall  Company,  Pittsburgh 
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the  width  of  the  gear  face  even  while  greater  loads  and  higher 
speeds  have  been  imposed  upon  it. 

The  automobile  manufacturers  have  been  able  to  meet  these 
new  problems  by  introducing  the  alloy  steels.  Their  parts  are 
relatively  small  and  the  difficulties  experienced  in  shrinkage 
strains,  treatment  cracks  and  distortions  are  not  as  serious  nor 
as  difficult  to  overcome  as  when  the  part  to  be  treated  weighs 
several  hundred  pounds. 

Either  of  these  two  most  important  classes  of  large  and 
small  gearing  would  give  sufficient  data  for  this  paper ;  there¬ 
fore,  only  the  city  and  interurban  motor  gearing  will  be  con¬ 
sidered. 

A  relatively  small  development  has  been  attempted  with 
alloy  steel  for  railway  motor  gearing,  which  has  met  with  vary¬ 
ing  degrees  of  success.  Undoubtedly  the  future  holds  in  store 
some  interesting  developments  along  this  line,  but  carbon  steel 
has  not  yet  been  developed  to  its  limit  and  the  improvement 
which  is  to  be  expected,  will  probably  meet  the  demands  of  the 
trade  for  some  time  to  come. 


Fig.  1.  Cast  Iron  Gear. 

The  method  of  steel  manufacture  most  used  at  present  is 
the  open  hearth  process,  although  the  electric  furnace  gives 
promise  of  a  further  advance  as  a  source  of  supply  of  raw  ma¬ 
terial  for  the  carbon  steel  type,  since  it  is  claimed  to  be  much 
freer  from  segregation,  oxide  and  dissolved  gases,  such  as  hydro¬ 
gen  and  nitrogen.  Electric  furnace  steel  is,  however,  a  com¬ 
paratively  new  process  and  the  sources  of  supply  are  limited. 
The  treatment  required  for  this  steel  is  much  the  same  as  for 
open  hearth  steel  and  its  physical  properties  are  also  similar 
except  that  tests  show  electric  steel  to  have  a  higher  resistance 
to  fatigue. 
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DEVELOPMENT  OF  THE  RAILWAY  MOTOR  GEAR 

Twenty-five  years  ago  the  street  car  was  of  little  engineer¬ 
ing  interest.  It  had  a  seating  capacity  of  12  to  16  persons  and 
was  drawn  by  horses  at  a  speed  of.  from  four  to  six  miles  per 
hour.  To-day  the  modern  interurban  trolley  car  weighing  50 
to  60  tons,  with  its  high  speeds,  many  stops  and  a  seating  ca¬ 
pacity  of  60  persons  with  a  strap  hanging  capacity  of  that  many 

more,  presents  a  problem  in  gearing  that  is  of  no  mean  im¬ 
portance. 


Fig.  2.  Malleable  Cast  Iron  Gear,  Solid. 


The  steady  increase  in  the  power  and  size  of  the  motor,  the 
track  gauge  having  been  fixed,  tends  to  cut  down  the  available 
space  for  the  gear.  As  for  example,  by  adding  y2  in.  more  to 
the  length  of  a  10  in.  armature,  the  power  is  increased,  we  will 
say,  5  percent.  If  this  y2  in.  is  taken  from  the  5  in.  gear  face, 
its  available  working  face  has  been  reduced  10  percent  while 

it  has  to  do  more  work,  or  a  17  percent  increase  in  pressure  per 
inch  width  of  face. 

The  early  electric  street  ears  were  equipped  with  20  to  30 
horse  power  motors.  To-day  motors  of  250  horse  power  are  in 
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use,  while  motors  up  to  300  horse  power  are  contemplated  with 
about  the  same  or  even  less  space  for  the  gear. 

A  brief  outline  of  the  evolution  of  railway  motor  gears  in 
the  order  in  which  they  were  introduced  on  a  commercial  scale 
may  be  of  interest;  viz:  Cast  iron,  malleable  cast  iron,  semi¬ 
steel,  four  spoke  open  hearth  cast  steel,  six  spoke  open  hearth 
cast  steel,  forged  open  hearth  steel,  electric  furnace  cast  steel 
and  lastly  the  flexible  gear. 

CAST  IRON  GEAR 

The  cast  iron  gear,  shown  in  Fig.  1,  was  cast  with  the  rim 
solid,  the  teeth  being  cut  by  the  manufacturer.  The  design  was 
such  as  to  cause  numerous  scale  spots,  shrinkage  cavities  and 
shrinkage  strains. 


Fig.  3.  Malleable  Cast  Iron  or  Cast  Steel  Gear,  Split. 

The  shrinkage  cavities  occurred  at  the  center  of  the  greatest 
mass  of  the  metal,  which  usually  came  outside  of  the  root  of  the 
tooth  circle.  These  defects,  together  with  the  low  strength  of 
the  iron,  caused  many  failures  and,  as  the  motor  power  became 
greater,  this  grade  of  gearing  had  to  give  way  to  a  stronger  ma¬ 
terial.  The  tensile  strength  of  cast  iron  is  from  20  000  to  30  000 
lb.  per  sq.  in.  with  very  low  ductility. 

MALLEABLE  CAST  IRON  GEAR 

The  malleable  cast  iron  gear,  shown  in  Figs.  2  and  3,  had 
some  advantage  ‘over  the  cast  iron  gear.  It  was  less  subject  to 
shrinkage  strains  and  was  more  ductile,  a  common  selling  point 
being  to  bend  a  tooth  over  on  to  an  adjacent  tooth  without  crack- 
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ing  or  breaking.  Most  of  the  defects  common  to  the  cast  iron 
gear,  however,  are  also  prevalent  in  the  malleable  cast  iron  gear 
and  it  soon  had  to  give  way  to  the  steel  gear.  Its  tensile 
strength  was  approximately  40  0001b.  per  sq.  in.,  its  ductility 
somewhat  higher  than  cast  iron,  but  in  a  like  manner  to  cast 
iron,  had  to  give  way  to  a  stronger  material. 

Semi-steel  was  then  tried,  but  with  little  success  on  account 
of  non-uniformity. 

CAST  STEEL  FOUR  SPOKE  GEAR 

The  four  spoke  cast  steel  gear,  shown  in  Figs.  3  and  4,  is 
cast  either  split  or  solid.  The  split  design  allows  the  gear  to  be 
applied  to  the  axle  without  removing  the  wheel  and  since  all 
solid  gears  have  to  be  pressed  on  the  axle,  the  split  design  is 
used  by  small  operating  companies  not  equipped  with  a  wheel 


Fig.  4.  Cast  Steel  Gear,  Solid. 


press.  The  steel  casting  was  much  stronger  than  the  cast  iron 
or  malleable  iron,  yet  the  defects  common  in  castings  were  still 
prevalent.  The  introduction  of  heat  treatment  of  gearing  at  this 
time  greatly  improved  the  physical  properties  of  this  gear.  The 
treatments  applied  were  oil  quenching  and  case  hardening. 

Below  is  given  a  table  of  the  physical  properties : 


•  Normal  Oil  Quenched  Case  Hardened 

Ultimate  strength  .  60  000  lb.  75  000  lb.  _ 

Yield  Point  .  30  0001b/  45  0001b.  _ 

Elongation  in  2  in .  14%  18% 

Reduction  in  area  .  30%  40% 

Brinell  Hardness  .  130  202  555  to  655 

Scleroscope  .  85  t0  9S 
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SIX  SPOKE  CAST  STEEL  GEAR 

Many  different  designs  of  the  cast  gear  were  tried  out  in 
an  effort  to  overcome  shrinkage  cavities  with  varying  degrees  of 
success,  the  most  satisfactory  result  having  been  accomplished 
by  the  R.  D.  Nuttall  Co.  through  the  introduction  of  the  six 
spoke  design,  shown  in  Figs.  5  and  6.  The  section  is  nearly 
uniform  throughout,  the  spoke  being  oval  in  shape.  A  bead  on 
the  under  side  of  the  rim  brings  the  center  of  the  mass  of  the 


Figs.  5  and  6.  Six  Spoki&  Cast  Steel  Gear,  Solid  and  Split. 

» 

rim  blank  well  inside  of  the  root  of  the  tooth  circle,  and  since 
the  shrinkage  cavities  occur  at  the  center  of  the  mass,  they  are 
well  away  from  the  danger  zone  if  any  does  occur  in  the  six 
spoke  design. 

THE  FORGED  STEEL  GEAR 

The  next  and  most  radical  step  in  the  design  of  the  gear 
was  the  introduction  of  the  forged  blank,  shown  in  Figs.  7,  8 
and  9.  This  design  has  many  advantages  over  the  cast  steel 
design.  All  of  the  casting  troubles  are  eliminated  and  when 
properly  worked,  the  steel  has  a  fairly  fine  grain  and  is  free 
from  blow  holes. 
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Due  to  the  greater  strength  of  the  material,  the  forged  gear 
could  be  made  lighter  than  the  east  gear.  Undoubtedly  the 
present  design  of  forging  will  be  greatly  improved  in  the  near 

future. 


Mg.  7.  Forged  Steel  Gear  Blank. 

There  are  two  methods  of  manufacturing  the  forged  blank* 
— rolled,  and  hammered  and  rolled. 

THE  ROLLED  GEAR  BLANK 

In  this  process  the  ingot  is  heated  and  rolled  into  a  round 
about  12  to  18  in.  in  diameter  and  cut  into  discs  from  6  to  10  in. 
thick,  depending  upon  the  size  of  the  blank  to  be  rolled.  These 


Fig.  8.  Forged  Steel  Gear,  Cutting. 
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discs  are  again  heated  in  a  continuous  heating  furnace  and  a 
mandrel  is  punched  nearly  half  way  through  the  center  of  the 
disc.  It  is  then  placed  between  two  vertical  dies  set  at  an  angle 
in  such  a  way  that  the  steel  is  worked  from  the  center  towards 
the  rim,  the  dies  rotating  synchronously.  There  is  a  slight  dish 
in  the  web  of  the  gear  and  generous  fillets  between  the  hub,  web 
and  rim  are  provided. 


THE  HAMMERED  AND  ROLLED  GEAR  BLANK 

This  process  consists  in  casting  an  individual  ingot  which 
is  hammered  into  a  flat  disc  of  the  required  size.  The  center 
with  any  pipe  or  segregation  is  punched  out  and  the  disc  is 
pressed  into  a  rough  semblance  of  a  gear  blank  with  sufficient 


Fig.  9.  Forged  Steel  Gear,  Finished. 


metal  in  the  rim  to  form  the  web  and  rim  of  the  finished  blank. 
This  heavy  rim  is  then  worked  out  to  the  desired  size  between  a 
set  of  rolls  compressing  it  on  all  sides.  The  web  of  the  blank  is 
straight. 

The  physical  properties  of  the  forged  steel  gear  are  shown 
in  Table  No.  1.  These  treatments  will  be  described  later. 


Oil  Treated  Oil  Treated 
Normal  Med.  Carbon  High  Carbon 


Ultimate 

Strength 

Yield  point 

Elong.  in  2" 
Reduc.  in  area 
Brinell 


75  000 
to  90  000  lb. 

35  000 
to  50  000  lb. 
20  to  30% 

35  to  50% 
176 


90  000 

to  110  000  lb. 
60  000 

to  75  000  lb. 
12  to  16% 
35  to  50% 
207  to  287 


120  000 
to  140  000  lb. 
75  000 

to  90  000  lb. 

8  to  12% 
20  to  30% 
302  to  387 


*Impractical  to  obtain  pulling  test. 

fThe  Brinell  test  of  case  hardened  gearing  is  not  as 
Scleroscope  reading  which  is  85  to  95. 


Case 

Hardened 

* 

* 

* 

* 

* 

* 

555 — 650| 


B.  P. 
Process 

120  000 
to  140  000  lb. 
75  000 

to  90  0001b. 
10  to  14% 
30  to  40% 
418  to  555 


representative  as  the 
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The  principle  of  the  flexible  gear  involves  the  transmitting 
of  the  power  from  the  gear  through  a  series  of  springs  to  the 
axle,  these  springs  being  interposed  between  rigid  lugs  on  the 
inside  of  the  gear  rim  and  the  gear  center  which  is  in  turn 
pressed  on  the  axle. 

This  gear  has  met  with  great  success  and  it  is  apparent  that 
the  principle  will  be  widely  employed  in  the  future  for  heavy 
duty  railway  gearing. 

DEVELOPMENT  OF  THE  PINION 

The  development  of  the  pinion,  while  it  has  not  been  so 
radical  as  that  of  the  gear,  yet  is  important  enough  to  be  men¬ 
tioned.  The  first  railway  motor  pinions  were  made  from  bes- 
semer  rolled  round  bar,  the  blanks  being  cut  off  to  the  desired 
thickness.  The  R.  D.  Nuttall  Co.  were  the  pioneers  in  the  treat¬ 
ment  of  motor  pinions  and  used  this  grade  of  steel.  .The  bes- 


FLEXIBLE  GEAR 

During  the  development  along  metallurgical  lines,  the  en¬ 
gineer  has  been  busy  and  the  flexible  gear,  shown  in  Pigs.  10  and 
11,  is  the  result  of  his  labor. 

The  Westinghouse  engineers,  realizing  that  railway  gears 
are  subject  to  sudden  peaks  of  overloads,  have  devised  a  prac¬ 
tical  flexible  gear  to  relieve  these  enormous  shocks.  The  flexible 
gear  has  many  other  mechanical  advantages  which  will  not  be 
taken  up  here. 


Fig.  10.  Forged  Steel 
Rim  of  Flexible  Gear. 


Fig.  11.  Flexible  Gear 
with  Springs  Assembled. 
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semer  process  was  soon  replaced  by  the  open  hearth  process. 
These  materials  in  the  form  of  rolled  bars  developed  imperfec¬ 
tions  that  made  their  use  for  pinions  inadvisable. 

The  forged  bar  was  the  next  step.  Two  methods  of  forging 
blanks  for  pinions  are  used — the  hammer  method  and  the  press 
method. 

HAMMER  FORGED 

In  this  method  the  ingot  is  either  first  rolled  into  a  billet, 
the  billet  being  hammered  into  a  bar  nearly  to  size  under  flat 
dies,  rounded  up  and  cut  to  length,  the  steel  getting  a  thorough 
working;  or  the  ingot  is  rolled  into  a  billet,  cut  into  short* 
lengths  and  upset.  For  example  a  4  in.  x  4  in.  billet  is  cut  into 
pieces  10  in.  long,  upset  to  the  required  thickness  and  rounded 
up  under  the  hammer. 

PRESS  FORGED 

In  the  press  forged  method  the  steel  may  be  handled  in  the 
same  manner  as  when  forged  under  the  hammer,  the  material, 
however,  being  worked  under  a  press. 

THEORY  OF  TREATMENT 

One  of  the  first  essentials  in  the  heat  treatment  of  steel 
is  to  know  the  composition  of  the  steel  to  be  treated.  All  steel 
for  heat  treatment  should  be  purchased  on  chemical  analysis 
and  check  analysis  of  every  heat  carefully  made  before  treating. 

While  good  commercial  steel  contains,  beside  the  carbon, 
such  elements  as  manganese,  sulphur,  phosphorus  and  silicon, 
and  even  though  they  have  more  or  less  effect  on  the  heat  treat¬ 
ment,  they  will  not  be  considered  here.  The  two  principal  con¬ 
stituents  of  carbon  steel  are  pure  iron  and  carbon.  Upon  the 
amount  of  each  of  these  two  elements  together  with  the  manner 
in  which  they  are  combined  and  also  the  size  of  their  crystals, 
depends  the  strength  and  ductility  of  the  steel.  Iron  may  exist 
in  three  forms,  namely,  Alpha  or  strongly  magnetic  iron;  Beta 
or  faintly  magnetic  iron;  and  Gama  or  non-magnetic  iron. 
Carbon  may  be  in  the  steel  either  as  a  solid  solution  of  carbon  in 
iron  or  as  a  definite  chemical  combination  ( FezC )  cementite. 

A  typical  heating  and  cooling  curve  is  shown  in  Fig.  12. 
The  AC  and  AR  points  indicating  the  critical  temperatures  on 
heating  and  cooling  respectively. 
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The  temperature  at  which  the  steel  is  treated  governs  the 
above  information  and  is  shown  graphically  in  Fig.  13  where 
the  temperature  is  plotted  as  ordinate  and  the  carbon  as  abscissa. 
For  example,  a  0.20  percent  carbon  steel  is  cooled  from  the 
molten  condition  and  the  heat  cycle  observed.  It  will  be  noted 
that  as  each  unit  of  heat  is  extracted,  the  temperature  drops 
uniformly  until  at  some  point  such  as  A3.  Although  the  heat 
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Fig.  12.  Heating  and  Cooling  Curves. 


is  still  being  extracted,  there  is  no  drop  in  the  temperature  of 
the  steel.  The  steel  may  even  become  hotter,  denoting  some 
internal  chemical  change  or  rearrangement  of  the  crystals.  This 
phenomena  occurs  again  at  some  such  point  as  A2,  but  to  a  less 
marked  degree,  and  again  at  Ax  with  about  the  same  evolution 
of  heat  as  at  A3.  It  will  be  noted  that  at  about  0.35  percent 
carbon  A3  merges  with  A2  forming  A3-2  and  again  at  about 
0.85  percent  carbon  A3-2  merges  with  A,  forming  A^-^ 
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These  points  are  called  the  critical  points  in  steel.  Due  to  a 
certain  hystereses  or  lag  in  the  steel,  they  occur  at  a  higher 
temperature  in  heating  AC  and  a  lower  temperature  in  cooling 
AR  thus  making  it  probable  that  the  AC  and  AR  points  are  at 
opposite  ends  of  the  same  phenomena.  The  so-called  range 
lies  between  the  extreme  high  and  low  critical  points. 
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Fig.  13.  Diagram  Showing  Position  and  Magnitude  of  the  Critical 

Points. 

Steel  when  at  a  temperature  about  the  critical  range  is  a 
solid  solution  of  carbon  in  iron  or  austenite  and  when  quenched 
from  this  temperature  the  result  is  some  form  of  solid  solution 
of  ferrite  and  cementite  or  carbon,  depending  upon  the  rapidity 
of  the  cooling  which  in  turn  is  controlled  by  the  quenching 
bath. 

Martensite  is  produced  by  sudden  cooling  from  above  the 
critical  range,  is  hard  and  brittle  and  is  thought  to  be  a  solid 
solution  of  Alpha  iron  and  carbon  with  Beta  iron. 

Troostite  is  a  transition  stage  between  martensite  and 
sorbite  and  is  less  hard  and  more  ductile  than  martensite. 

Sorbite  is  a  transition  product  formed  between  troostite 
and  pearlite.  The  amount  of  any  one  of  these  transition  prod¬ 
ucts  retained  in  the  steel  after  quenching  depends  upon  the 
rapidity  with  which  the  heat  is  extracted  by  the  quenching 


PHILLIPS - HEAT  TREATMENT  OF  RAILWAY  GEARING  749 

b&th  dud.  as  these  products  arc  unstable,  they  can  be  tempered 
or  drawn  back  at  low  temperatures  to  the  hardness  desired. 

The  general  methods  of  heat-treatment  of  steel  are  the 
same  for  different  grades  of  steel  and  the  sequence  of  operations 
being :  Annealing,  quenching  and  drawing. 

ANNEALING 

Annealing  is  provided  before  machining  in  order  to  elim¬ 
inate  casting  or  forging  strains  and  to  facilitate  machining. 
The  furnace  when  charged  must  be  at  a  temperature  that  will 
not  produce  deleterious  stresses  due  to  uneven  or  sudden  ex¬ 
pansion  of  the  exterior  as  compared  with  the  expansion  of  the 


Fig.  14.  Oil  Tempered  Tooth  Broken  to  Show  Structure. 

interior  of  the  steel.  This  feature  becomes  more  important  with 
the  increase  in  size  of  product  and  experience  must  be  drawm 
upon  to  determine  what  the  charging  temperature  and  rate 
of  heating  must  be  for  the  various  shapes  and  sizes  to  be  an¬ 
nealed.  The  gas  is  turned  on  and  the  furnace  brought  up  to 
heat  very  gradually,  so  that  when  the  pyrometer  indicates  the 
proper  temperature,  only  a  short  soaking  time  is  required  to 
bring  the  full  charge  to  the  temperature  indicated.  When  the 
gear  has  reached  the  proper  temperature,  it  should  be  drawn 
from  the  furnace  and  covered  with  dry  sand  or  ashes  or 
preferably,  if  convenient  to  do  so,  allowed  to  cool  slowly  in  the 
furnace.  Either  method  will  prevent  the  setting  up  of  cooling 
stresses.  Practically  all  of  the  machining  operations  are  per¬ 
formed  while  the  steel  is  in  the  annealed  condition. 

QUENCHING 

The  same  precautions  taken  when  heating  for  annealing 
must  be  observed  when  heating  for  quenching,  the  temperature 
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aimed  at  being  slightly  above  the  critical  range.  The  higher  the 
temperature  above  the  critical  range  and  the  length  of  time  held 
at  this  high  temperature,  the  coarser  the  crystaline  structure. 
The  difficulty  experienced  in  holding  the  temperature  uniform 
and  the  length  of  time  required  to  quench,  makes  it  necessary  to 
limit  the  size  of  the  charge. 

The  gear  is  transferred  quickly  from  the  furnace  to  the 
quenching  bath  to  minimize  the  loss  of  heat  in  the  gear  while 
being  transferred  and  to  eliminate  the  over  heating  of  the  re¬ 
maining  gears  in  the  charge.  The  loss  of  heat,  ascertained  ;by 
means  of  the  optical  pyrometer,  is  Taken  into  consideration  when 
estimating  the  proper  furnace  temperature.  The  quench  is  made 
in  such  a  manner  as  to  allow  the  greatest  surface  area  of  the 


Fig.  15. 


Case-Hardened  Tooth,  Polished  and  Etched  to  show  Depth 

of  Case. 


gear  to  come  in  contact  with  the  bath  at  the  same  time.  This 
produces  a  minimum  distortion  and  eliminates  the  necessity  of 
re-cutting  the  teeth  after  treating.  The  time  in  the  bath  must 
vary  with  the  size  and  design.  The  parts  should  be  removed 
from  the  quenching  bath  after  the  temperature  has  dropped  be¬ 
low  a  certain  point,  varying  with  different  steels.  Further 
quick  cooling  is  unnecessary  and  may  set  up  injurious  stresses. 


DRAWING 

The  last  operation  in  heat  treatment  of  steel  is  the  draw¬ 
back  or  tempering,  which  should  be  done  immediately  after 
quenching.  This  may  be  done  in  a  furnace  or  in  hot  oil. 

The  gear  should  be  removed  from  the  quenching  bath  to  the 
drawing  furnace  or  hot  oil  bath  and  held  at  a  pre-determined 
temperature  for  a  proper  time  depending  upon  the  grade  of  steel 
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used  in  order  to  relieve  stresses  and  to  obtain  the  structure  de¬ 
sired.  1  he  oil  bath  should  be  used  for  drawing  at  low  tempera¬ 
tures  and  the  furnace  should  be  used  for  drawing  at  high  temp¬ 
eratures  or  those  above  the  fire  test  of  the  oil. 

The  following  four  general  classes  of  gearing  will  be  dis¬ 
cussed  in  the  order  given : 

1.  Normal 

2.  Oil  Treated 

3.  Case  Hardened 

4.  B.  P.  Process. 

1.  Normal:  Normal  or  untreated  gearing  consists  ordinar¬ 
ily  of  medium  carbon  steel  (cast  or  forged)  for  such  service  as 
does  not  require  the  refinement  of  heat  treatment  or  when  first 
cost  is  the  governing  factor.  The  approximate  physical  proper¬ 
ties  of  normal  forged  steel  gears  are  shown  in  Table  No.  1. 

2.  Oil  Treated :  The  procedure  followed  in  oil  treating 
consists  of  annealing,  machining,  quenching  and  drawing.  In 
this  case,  oil  is  used  for  the  quenching  bath.  The  physical  prop- 


Fig.  16.  Case-Hardened  Tooth,  Broken  to  show  Refinement  of 
Structure'  of  Case  and  Toughened  Core. 

|  erties  shown  in  Table  1  for  oil  treated  medium  carbon  and  for 
oil  treated  high  carbon  steel  have  been  found  to  give  good  re¬ 
sults  in  service.  A  photograph  of  the  structure  of  an  oil  treated 
pinion  tooth  is  shown  in  Pig.  14. 

3.  Case  Hardened:  The  procedure  followed  in  case  hard¬ 
ening  consists  of  annealing,  machining,  carbonizing,  quenching 
and  drawing.  The  carbonizing  is  usually  done  by  packing  the 
!  parts  in  cast  iron  boxes  entirely  surrounded  with  carbonizing  ma¬ 
terial,  the  boxes  are  sealed,  charged  into  a  furnace  and  brought 
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gradually  to  a  temperature  that  will  volatilize  the  carbonizing 
compound,  giving  off  a  gas  rich  in  carbon  and  at  the  same  time 
transforming  the  structure  of  the  steel  into  a  condition  that  ab¬ 
sorbs  the  free  carbon.  After  the  heat  is  shut  off,  the  pot  should 
be  allowed  to  cool  slowly  in  the  furnace,  then  removed  and 
dumped.  The  gear  may  now  be  annealed  to  refine  the  grain 
which  may  have  been  made  coarse  by  the  high  carbonizing  heat. 
The  gear  is  then  given  a  single  or  double  quench  in  brine,  or  in 
oil  and  brine,  the  oil  quench  being  given  to  refine  the  core  and 
the  brine  quench  to  refine  the  case.  A  broken  tooth,  polished 
and  etched  to  show  depth  of  case,  is  shown  in  Fig.  15;  and  a 
tooth  broken  to  show  refinement  of  structure  of  case  and  tough¬ 
ness  of  case  is  shown  in  Fig.  16. 


Fig.  17.  “B.  P.”  Process  Tooth  Broken  to  show  Refinement  of 

Structure. 

* 

The  depth  of  carbonization  required  is  determined  by  the 
size  of  the  tooth  and  permissible  wear  of  same  in  service.  This 
is  controlled  by  the  time  and  temperature  of  the  charge  in  the 
furnace,  and  to  a  limited  extent  by  the  composition  of  the  steel 
as,  for  example,  it  is  asserted  that  nickel  and  silicon  retard, 
while  manganese  and  chromium  accelerate  penetration. 

There  is  a  gradual  transition  from  the  extreme  hardness  at 
the  surface  of  a  case'  hardened  gear  to  the  tough,  ductile  ma¬ 
terial  at  the  core.  The  surface  may  have  a  scleroscope  hardness 
of  approximately  85  to  95. 

4.  B.  P.  Process:  The  B.  P.  process  consists  of  the  fol¬ 
lowing  sequence  of  operations — annealing,  machining,  quenching 
and  drawing.  The  careful  selection  of  the  raw  material  and  the 
quenching  operation  constitute  the  main  features  of  the  high 
qualities  of  this  product.  It  is  well  known  that  many  of  the 
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existing  drastic  treatments  of  carbon  steel  tend  to  produce  a 
'xery  bard  material  with  a  high  tensile  strength,  but  at  the  sac¬ 
rifice  of  ductibility.  The  B.  P.  process,  however,  produces  a  very 
hard  material  with  a  high  tensile  strength  and  retains  its  duc¬ 
tility.  'I’lie  hardness  tapers  gradually  from  the  wearing  stirface 
to  the  center  of  the  tooth  as  shown  in  Fig.  17.  The  physical 
properties  of  this  material  are  shown  in  Table  No.  1. 


Figs.  18  and  19.  Micro-photographs  of  Tooth  Structure,  Oil  Hardened. 

Quenched  only. 

Figs.  20  and  21.  Micro-photographs  of  Tooth  Structure,  Water  Hard¬ 
ened,  Quenched  only. 
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To  compare  the  more  highly  refined  structure  of  the  B.  P. 
process  with  that  of  other  treatments,  micro-photographs  of  oil 
hardened  teeth  (Figs.  18  and  19)  and  of  water  hardened  teeth 
(Figs.  20  and  21)  are  introduced.  They  are  all  from  the  same 
bar  as  Figs.  22,  23,  24  and  25  of  the  B.P.  process.  A  close  exam¬ 
ination  will  demonstrate  the  difference  in  grain  structure. 


re  P  oF  TootH  CEMTET?  oF  TcoTH 
T7cs.^3. 


TH 


OF 


D<*£ 


oo 


7vC. 


Figs.  22  and  23.  Micro-photographs  of  Tooth  Structure,  “B.  P.”  Pro¬ 
cess,  Quenched  only. 

Figs.  24  and  25.  Micro-photographs  of  Tooth  Structure,  “B.  P.”  Pro¬ 
cess,  Quenched  and  Drawn. 


PHILLIPS — HEAT  TREATMENT  OF  RAILWAY  GEARING 


755 


EQUIPMENT 

The  furnace  should  be  of  the  semi-muffle  type,  the  flame 
not  being  allowed  to  impinge  on  the  steel.  There  should  be  an 
air  chamber  under  the  floor  of  the  furnace  to  which  heat  has 
free  access.  The  furnace  should  be  so  arranged  that  the  hot 
metal  can  be  quickly  transferred  from  the  furnace  to  the  quench¬ 
ing  bath  and  should  be  equipped  with  pyrometers  capable  of 


Fig.  26.  Brinell  Hardness  Machine. 


reading  accurately  to  2000  deg.  Fahr.  The  quenching  bath  should 
be  sufficiently  large  to  absorb  all  of  the  heat  of  one  furnace 
charge  and  still  maintain  the  temperature  of  the  bath  within 
a  range  that  will  not  materially  affect  the  results.  A  refrigerat¬ 
ing  system  should  be  used  to  reduce  the  temperature  of  the  bath 
for  subsequent  furnace  charges.  The  bath  may  be  oil,  water, 

brine  or  any  liquid  solution  that  will  give  the  desired  results 
as  indicated  by  experience. 


HARDNESS  TESTING  MACHINES 

In  order  to  insure  uniformity  of  results  some  physical  test 
must  be  made  on  each  piece  of  steel  treated.  This  test  in  order 
not  to  destroy  the  piece  must  be  a  surface  test.  There  are  two 
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forms  of  surface  testing  machines,  the  Brinell  and  the  Sclero- 
scope. 

Brinell  Machine :  The  Brinell  machine  shown  in  Fig.  26, 
tests  the  hardness  by  pressing  a  10  millimeter  ball  into  the  sur¬ 
face  of  the  steel  at  a  pressure  of  3000  kilogrammes.  The  diam¬ 
eter  of  this  impression  is  measured  by  a  microscope  to  within 
1-20  of  a  millimeter.  The  reading  is  only  relative  as  is  all  hard¬ 
ness,  but  by  many  tests  on  different  steels  of  known  physical 
properties,  tables  of  equivalent  physical  properties  have  been 
worked  out  and  are  fairly  accurate. 


Fig.  27.  Shore  Scleroscope. 


Scleroscope :  The  scleroscope,  shown  in  Fig.  27,  tests  the 
surface  hardness  of  a  steel  by  dropping  a  diamond  pointed 
hammer  from  a  given  distance  upon  a  polished  surface  of  the 
piece  to  he  tested  and  noting  the  height  of  rebound  of  the  ham¬ 
mer.  It  is  claimed  by  Mr.  Shore,  the  inventor,  that  a  pressure 
equivalent  to  487  000  lb.  per  sq.  in.,  is  obtained  when  the  ham¬ 
mer,  which  is  1-25000  sq.  in.  area  at  the  point,  strikes  the  ma¬ 
terial  under  test.  The  scleroscope  detects  surface  hardness 
while  the  Brinell  detects  hardness  to  considerable  depth. 

TESTS 

All  tests  should  be  made  after  the  gear  or  pinion  has  been 
treated  in  full  action.  Tensile  tests  should  be  made  from  a 
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sample  taken  at  the  root  of  a  tooth  of  a  pinion  parallel  to  the 
face  of  the  pinion  and  either  at  the  side  of  the  face  of  a  gear 
or  gear  rim  tangential  to  the  face,  or  at  the  root  of  the  tooth 
parallel  to  the  face  of  the  gear.  Brinell  tests  should  be  made  on 
the  end  of  the  teeth  of  all  finished  gears,  gear  rims  and  pinions, 
except  case  hardened  gears,  which  should  be  tested  with  the 
scleroscope. 

We  have  given  a  brief  outline  of  the  development,  of  rail¬ 
way  gearing  to  date.  Further  developments  must  follow  so  that 
the  gearing  will  maintain  the  proper  relation  with  the  other 
parts  of  the  equipment,  which  are  continually  tending  to  grow  to 
meet  the  demand  for  increased  capacity. 

Cooperation  in  the  fullest  measure  between  the  steel  maker, 
the  forging  company,  the  gear  manufacturer  and  the  railway 
operator,  is  the  prime  essential  for  satisfactory  development. 

DISCUSSION. 

Mr.  A.  Stucki  :  I  suppose  the  B.P.  process  is  a  secret 
process  and  that  there  is  no  information  available  in  regard  to  it. 

Mr.  T.  D.  Lynch*:  Yes.  It  is  a  secret  process,  the  details 
of  which  we  are  not  privileged  to  discuss. 

Mr.  G.  F.  Hinkens  :  I  would  like  to  ask  a  question  for  in¬ 
formation.  Suppose  we  take  a  different  alloy  with  a  different 
carbon,  is  there  any  way  to  determine  the  point  of  transforma¬ 
tion  or  the  point  of  recalescence,  or  the  critical  point  ?  Can  any 
one  determine  that  without  an  instrument? 

Mr.  T.  D.  Lynch:  I  do  not  think  anyone  would  attempt 
to  do  very  careful  heat  treatment  without  an  instrument  to 
measure  the  temperature. 

Mr.  G.  F.  Hinkens:  You  do  not  understand  my  question. 
What  heat  shall  we  use  for  different  kinds  of  steel  in  order  to 
bring  out  the  proper  heat  treatment? 

Mr.  W.  L.  Allen t  :  I  he  gentleman  s  question  regarding 
the  manner  in  which  the  critical  ranges  of  steel  may  be  deter¬ 
mined  might  be  answered  in  this  way: 

’Research  Engineer,  Westinghouse  Electric  and  Manufacturing  Co.,  East  Pitts¬ 
burgh,  Pa. 

f Commercial  Engineer,  R.  D.  Nuttall  Company,  Pittsburgh. 
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The  critical  range  of  steel  varies  with  the  carbon  content. 
As  brought  out  in  Mr.  Phillips*  paper,  the  temperature  to 
which  steel  should  be  heated  for  quenching,  is  not  necessarily 
an  exact  temperature,  but  slight  variations  from  this  tempera¬ 
ture  will  not  materially  affect  the  result.  By  that  I  mean,  that 
providing  the  steel  is  heated  above  its  upper  calescence  point, 
and  cooled  below  its  lower  recalescence  point,  the  resultant 
product  will  be  hardened.  It  is,  however,  not  advisable  to  heat 
steel  any  higher  above  the  upper  calescence  point  than  is  neces¬ 
sary  to  bring  about  the  desired  hardness,  as  any  increase  in  the 
temperature  to  which  the  material  is  heated  over  the  calescence 
point,  while  not  materially  increasing  the  resultant  hardness, 
has  the  effect  of  coarsening  the  grain  structure.- 

A  great  many  technical  writings  have  been  gotten  out 
within  the  last  few  years  in  which  the  critical  ranges  for  variable 
analyses  of  steels  may  be  obtained,  one  of  which  is  a  book  re¬ 
cently  published  by  Mr.  Sauvier  on  the  Metallography  of  Steel. 

In  Mr.  Phillips*  absence  I  feel  that  I  should  take  the  lib¬ 
erty  of  bringing  out  a  point  which  I  am  sure  he  would  have 
brought  out  had  he  been  here,  namely,  that  the  paper  which  he 
has  prepared,  while  dealing  with  gearing  in  general,  has  par¬ 
ticular  reference  to  the  heat  treatment  of  railway  motor  gearing. 

As  pointed  out  by  Mr.  Phillips,  the  development  of  the 
railway  motor  has  been  such  as  to  continually  increase  the 
demands  on  railway  motor  gearing  and  it  has,  therefore,  been 
our  aim  to  produce  a  material  which  will  meet  these  demands, 
not  only  from  the  standpoint  of  strength,  but  from  the  stand¬ 
point  of  ultimate  economy. 

With  this  aim  in  view  the  general  experiments  along  the 
lines  of  improving  railway  motor  gearing  were  conducted 
through  the  oil  tempering  of  the  medium  carbon  steel,  then 
being  used  in  the  normal  condition.  While  through  this  oil 
tempering  a  very  much  more  efficient  gearing  was  produced 
then  was  true  with  the  untreated  or  normal  stock,  the  increase 
in  the  strength  and  resultant  life  brought  about  through  this  oil 
tempering  in  no  way  equals  the  results  which  have  since  been 
produced  through  case  hardening  or  the  application  of  the  B.P. 
process,  either  from  the  standpoint  of  life  or  from  the  stand¬ 
point  of  the  safety  factor. 
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The  B.P.  process,  of  which  the  gentleman  to  the  right  asked, 
was  the  outcome  of  years  of  research  on  the  part  of  the  Nuttall 
Company  aiming  to  produce  a  gearing  having  high  surface 
hardness  combined  with  great  strength  and  refinement  of  struc¬ 
ture,  at  less  cost  than  is  possible  through  case  hardening.  Case 
hardening  of  railway  motor  gearing  is  very  costly  on  account 
of  the  fact  that  after  machining  it  must  be  carbonized  for  several 
hours  and  then  heat  treated.  This  heat  treatment  sometimes 
requires  two  or  even  three  heatings  to  produce  the  desired  re¬ 
sults. 

The  B.  P.  process  does  not  develope  as  efficient  a  gearing  as 
is  brought  about  through  case  hardening,  but  the  efficiency  which 
is  produced  in  this  process  very  closely  approaches  that  of  the 
case  hardened  material  and  at  so  much  less  cost  as  to  make  the 
B.P.  grade  of  gearing  very  much  more  economical  for  the  aver¬ 
age  present  day  normal  operative  service. 

Efficiency  in  railway  motor  gearing  to  which  I  refer  is  not 
so  much  mechanical  efficiency  as  the  mechanical  efficiency  com¬ 
bined  with  long  life. 

There  is  a  certain  variation  in  mechanical  efficiency  in 
gearing  brought  about  through  heat  treatment  on  account  of 
the  tendency  of  this  gearing  to  warp  in  heat  treatment.  The 
amount  of  this  warping  will  depend  upon  the  method  employed 
and  the  accuracy  of  the  heat  treatment,  and  while  the  mechanical 
efficiency  varies  somewhat  with  the  amount  of  this  warping,  the 
efficiency  of  which  1  spoke  was  with  particular  reference  to  the 
elimination  of  breakage,  and  the  ultimate  life  of  the  gearing. 

The  B.  P.  process  is  such  as  to  produce  a  material  having 
not  only  high  surface  hardness,  but  combining  with  this  hard¬ 
ness  great  strength  and  ductility  as  well  as  good  refinement 
of  grain,  resulting  in  the  development  of  almost  as  much  mile¬ 
age  as  can  be  obtained  from  case  hardened  gearing  without  any 
breakage,  and  at  the  same  time  with  very  good  economy. 

Mr.  S.  M.  Rodgers:*  Not  being  familiar  with  the  manu¬ 
facture  of  gears,  I  am  not  competent  to  discuss  this  paper. 
However,  there  is  one  point  brought  out  with  reference  to  the 
manufacture  of  gear  blanks  about  which  I  would  like  to  ask 

‘Metallurgist,  American  Steel  &  Wire  Company,  Frick  Building,  Pittsburgh. 
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a  question.  How  much  better  is  a  gear  made  out  of  a  blank 
that  has  been  upset  than  one  of  the  same  size  and  character  that 
has  been  made  from  a  forging  which  had  not  been  upset?  In 
other  words,  does  the  work  of  upsetting  from  a  smaller  diameter 
to  a  considerably  larger  cross  section  materially  improve  the 
strength  and  durability  of  the  gear?  I  understand  it  is  a  com¬ 
mon  practice  to  make  several  sizes  of  blanks  from  a  forging  of 
the  same  diameter  by  using  different  lengths,  and  it  would  be 
interesting  to  know  what  experiments  have  been  conducted  to 
show  that  the  gears  made  from  the  upset  blanks  are  superior 
to  those  made  from  blanks  that  have  only  been  forged  in  one 
direction. 

Mr.  W.  L.  Allen  :  The  Nuttall  Company  have  made  a 
great  many  experiments  to  determine  the  relative  merits  of 
pinions  cut  off  forged  or  rolled  bars,  as  compared  with  pinions 
made  from  individually  forged  or  pressed  blanks,  and  have 
found  that  in  some  cases  an  individually  forged  blank  produces 
a  stronger  and  better  pinion  than  those  made  from  blanks  ma¬ 
chined  from  bars. 

While  it  is  generally  conceded  that  an  upset  structure  is 
not  as  good  as  the  structure  of  a  material  which  has  been  worked 
in  one  direction  only,  the  direction  in  which  the  load  is  applied 
to  pinions  is  such  that  in  the  pinions  made  from  bars  this 
load  application  is  transverse  to  the  grain  of  the  steel,  while  in 
the  individually  forged  blanks  the  condition  of  the  grain  is 
changed  through  the  upsetting. 

Mr.  Gr.  F.  Hinkens  :  Do  I  understand  that  the  forged 
blank  is  poorer  in  construction  on  the  outside  diameter,  i.e.,  on 
the  edge?  I  would  consider  the  center  of  the  blank  the  better 
for  the  reason  that  the  structure  or  particles  are  held  more 
intact  iby  the  outer  support.  The  outer  or  edge  portion  in  forg¬ 
ing  yields  more  easily,  the  metal  not  flowing  in  a  straight  line 
but  radially,  exerting  a  tearing  stress  on  the  edge,  causing  checks 
or  openings  on  the  rim  or  edge  of  the  forging.  You  will  find 
these  conditions  very  pronounced  in  wrot  iron,  or  the  poorer 
grades  of  steel. 

The  soundness  of  the  circular  blank  will  converge  towards 
the  center,  when  upsetting  a  billet  from  a  smaller  diameter. 
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Mr.  A\ .  L.  Allen  :  1  believe  that  I  can  safely  say  that  a 

material  made  by  hammered  forging  has  higher  physical  pro¬ 
perties  and  denser  structure  near  the  surface  than  it  has  at  the 
center,  and  that  this  condition  also  exists  to  a  more  or  less  extent 
in  the  rolled  bar,  depending  somewhat  upon  the  manner  in 
which  it  is  rolled.  In  press  forging,  however,  it  is  my  opinion 
that  the  material  is  compressed  at  the  center  more  than  is  true 
either  in  hammering  or  in  rolling,  and  the  result  is  the  produc¬ 
ing  of  a  more  homogeneous  mass  throughout  than  in  the  hammer 
forged  or  hot  rolled. 

Mr.  A.  Stucki  :  \ou  have  mentioned  the  difference  in 
grain  resulting  from  forging  and  pressing.  If  we  have  a  piece 
of  rolled  material  and  forge  it  by  a  number  of  strokes  into 
another  shape,  what  is  the  difference  in  structure  compared  with 
doing  that  same  work  "with  one  stroke  under  a  press? 

Mr.  T.  D.  Lynch  :  I  do  not  know  that  I  can  answer  that 
question  fully.  However,  there  is  no  doubt  that  a  piece  of  steel 
forged  under  the  press  is  tougher  and  has  a  better  grain  than 
when  forged  under  the  hammer.  The  press  gives  the  metal  time 
to  flow  while  the  hammer  strikes  suddenly  and  has  a  tendency 
to  break  up  the  tough  grain  formation.  Tests  that  have  been 
made  to  compare  hammer  forged  with  press  forged  steel  show 
very  clearly,  even  in  the  same  piece  of  steel,  that  a  better  and 
tougher  grain  is  produced  by  press  than  by  hammer  forging. 

Mr.  G.  M.  Eaton  •*  One  of  the  possible  advantages  of  up¬ 
setting  a  pinion  blank  is  the  development  of  any  possible  exist¬ 
ing  seam,  which  is  one  of  the  things  that  has  to  be  contended 
with  in  steel.  In  other  words,  the  upsetting  is  an  excellent 
inspection  operation  by  which  a  certain  amount  of  defective 
material  will  be  eliminated  before  it  goes  into  service,  and  ma¬ 
terial  in  which  the  defect  would  be  detected  in  no  other  way. 

Successful  heat  treating  is  not  simply  a  function  of  arriving 
at  a  desired  temperature,  and  then  arriving  at  another  desired 
lower  temperature.  It  involves  a  heat  cycle,  for  example,  put- 
I  ting  the  cold  material  into  a  furnace  whose  temperature  is 
j  sufficientlv  low  so  that  the  mechanical  strain  of  the  first  heat 

h  *Rai1Way  Division  Engineer,  Westinghouse  Electric  &  Mfg.  Co.,  East  Pitts- 
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is  low  enough  to  avoid  inducing  tensile  strains  causing  internal 
cracks.  The  same  is  true  at  every  stage  of  the  operation,  both 
in  annealing  and  heat  treating.  Heat  treating  is  a  cut  and 
try  operation,  and  the  temperatures  given  by  the  steel  maker, 
unless  he  is  intimately  acquainted  with  the  exact  results  to  be 
obtained,  will  not  necessarily  produce  what  is  desired.  Each 
concrete  problem  demands  its  own  specific  solution. 

The  problem  that  I  appreciate  most  strongly  has  already 
been  touched  on,  namely,  the  increasing  of  the  demands  put 
upon  railway  motors.  There  is  not  a  gear  in  the  market  that 
is  good  enough  for  certain  drastic  services.  One  operator,  con¬ 
nected  with  a  large  city  system,  says  that  if  gold  were  the  ma¬ 
terial  best  adapted  physically  for  pinions,  he  could  afford  to 
pay  the  price. 

Heat  treating  with  a  raw  material  that  is  not  ideal  is  build¬ 
ing  a  super-structure  on  an  uncertain  foundation.  No  matter 
how  good  steel  may  be,  it  ought  to  be  better.  TVe  want  to  make 
motors  bigger  and  more  powerful.  We  are  absolutely  limited  to 
a  certain  gauge.  The  most  tempting  change  in  the  motor  is  to 
make  the  armature  longer.  After  a  design  is  laid  out,  we  hunt 
it  over  for  a  quarter  of  an  inch,  and  we  tackle  it  later  for  an 
eighth  and  we  work  it  down  to  a  sixty-fourth.  We  make  a  gear 
514  in.  wide.  We  would  like  to  make  it  3  in.  wide,  which  would 
make  the  gear  do  approximately  twice  as  much  per  unit  width. 
If  the  gear  lasts  ten  years  it  is  a  poor  investment  if  it  is  paid 
for  by  an  excessive  amount  of  copper  in  the  armature.  Nobody 
wants  to  buy  a  cubic  inch  of  steel  and  pay  a  cubic  inch  of 
copper  for  it. 

I  have  talked  with  men  who  make  electric  steel.  I  under¬ 
stand  the  presence  of  oxides  in  steel  is  one  of  the  menaces  that 
are  met  in  heat  treatment.  We  are  told  that  they  can  be  elimi¬ 
nated  in  the  electric  steel,  except  such  oxides  as  occur  in  pour¬ 
ing  from  the  furnace.  Isn’t  that  promising?  Isn’t  electrical 
steel  going  to  come  into  its  own  some  day  soon?  Electric  steel 
applies  just  as  much  to  the  forged  type  of  gear  as  to  cast  gears. 

One  word  as  to  flexible  gearing:  This  was  first  designed 
and  applied  practically  to  commercial  use  by  the  W.  E.  &  M.  Co. 
in  large  locomotives  where  there  was  a  pinion  on  both  ends  of 
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the  armature  shaft.  It  was  felt  that  it  would  be  exceedingly 
difficult  to  secure  the  two  gears  on  the  end  of  the  gear  shaft 
and  align  them  with  such  accuracy  that  the  pinions  would 
divide  the  load  equally.  Therefore,  the  rim  of  the  gear  was 
made  flexible  relative  to  the  center  of  the  gear  so  that  an  ap¬ 
proximately  equal  distribution  of  the  load  would  be  achieved, 
a  happened  to  see  an  installation  in  which  flexible  gears  were 
used.  One  locomotive  had  run  90  000  miles.  The  next  day  in 
a  similar  installation,  except  that  the  gear  and  pinion  were 
rigid,  the  locomotive  had  run  but  16  000  miles.  1  looked  the 
records  up  pretty  carefully  because  I  thought  I  had  the  figures 
just  reversed.  The  condition  of  the  gearing  on  the  locomotive 
at  90  000  miles  with  flexible  gears  was  vastly  better  than  that  on 
the  locomotive  at  16  000  miles  with  solid  gears. 

The  next  step  was  to  apply  these  flexible  gears  to  motor 
cars.  The  photographs  shown  in  the  paper  represent  the  result 
of  a  long  development.  All  the  surfaces,  where  movement  oc¬ 
curs  between  two  contacting  pieces  of  steel,  are  case  hardened 
and  ground.  I  saw  the  first  gears  of  this  type  after  they  had 
run  15  000  miles.  No  wear  could  be  detected  with  micrometers. 
They  were  opened  later  at  60  000  miles  and  the  same  results 
were  recorded.  The  advantage  of  the  flexible  gear  in  motor  cars 
is  'very  far-reaching.  "W hen  a  railway  vehicle  is  running  at 
very  high  speed,  and  particularly  when  the  track  is  relatively 
rough,  the  rail  ends,  frogs,  etc.,  impose  heavy  shocks,  not  only 
upon  the  rotating  parts  of  the  motor,  but  also  upon  the  brush- 
holders,  the  truck  frame,  and  the  car  body,  etc.  The  flexible 
gear  was  designed  to  dampen  out  the  dynamic  peaks,  and  it 
demonstrates  in  service  that  it  fulfills  the  purpose. 

Mr.  James  O.  .Handy*:  1  cannot  add  anything  to  the  dis¬ 
cussion  about  heat  treatment  of  gears.  The  results  of  defective 
heat  treatment  of  other  materials  may  be  of  interest. 

Railway  car  axles  and  locomotive  axles  which  had  been 
treated  in  a  supposedly  correct  manner  gave  very  unsatisfactory 
results.  In  one  case  a  new  locomotive  axle,  when  it  was  being 
unloaded,  broke  when  it  struck  the  railroad  platform.  Tn  an¬ 
other  case,  some  new  heat-treated  car  axles  broke  in  the  trial 

•Research  Director,  Pittsburgh  Testing  Laboratory,  Pittsburgh. 
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of  tlie  finished  cars  in  the  yard.  The  cases  were  afterward 
carefully  studied  and  we  became  convinced  that  the  defect  was 
the  uneven  heating  in  the  furnace  and  the  uneven  rate  of  im¬ 
mersion  in  the  quenching  bath.  Too  many  axles  were  put  into 
the  bath  at  the  same  time  so  that  they  were  not  all  uniformly 
cooled. 

Heat  treatment,  as  we  all  know,  is  a  very  delicate  operation. 
Results,  if  the  work  is  well  done,  are  very  fine,  but  if  the  opera¬ 
tion  has  not  been  carried  out  with  accuracy,  the  heat-treated 
articles  may  be  less  reliable  than  they  were  before  treatment. 

Mr.  S.  A.  Grayson  :t  Mr.  Lynch  has  spoken  about  the 
effect  of  manganese  on  the  steel.  I  have  found  the  fundamental 
factor  in  heat  treatment  is  the  manganese  in  the  steel.  After 
all  heat  treatment  is  a  means  to  an  end,  a  means  of  producing 
a  structure  the  tensile  strength  of  which  is  high  enough  to  stand 
the  requirements  of  the  service,  and  manganese  has  been  a  very 
fortunate  thing  in  obtaining  that.  Mr.  Lynch  had  a  slide  show¬ 
ing  the  carbon  but  none  showing  the  manganese.  In  the  case 
of  steels  for  gears  it  is  of  very  much  more  importance  than  the 
average  person  is  inclined  to  imagine.  One  of  the  reasons  is  on 
account  of  the  expansion  and  contraction.  Manganese  steel  is 
not  susceptible  of  excessive  expansion,  therefore  relative  pro¬ 
portions  of  manganese  increase  or  decrease  the  effect  on  the 
surfaces,  and  in  obtaining  the  recalescence  curve  that  is  a  point 
on  which  a  great  deal  of  stress  should  be  paid. 

A  Member  :  I  would  like  to  ask  Mr.  Allen  if  there  have 
been  any  experiments  made  concerning  the  use  of  high  manga¬ 
nese  steel  and  case  hardening  some  teeth. 

Mr.  W.  L.  Allen:  Do  I  understand  from  your  question 
that  you  refer  to  the  high  manganese  steel  having  12  or  14  per¬ 
cent  manganese,  or  a  steel  having  approximately  1  percent  man¬ 
ganese  ? 

A  Member  :  About  14  percent. 

Mr.  W.  L.  Allen  :  I  personally  have  not  conducted  any 
experiments  along  the  lines  to  which  you  refer,  nor  have  I  any 
knowledge  of  any  similar  experiments  having  been  conducted, 

fGeneral  Manager,  Jessop  Steel  Company,  Washington,  Pa. 
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but  off  hand  it  occurs  to  me  that  the  commercial  phase  of  this 
situation  would  be  very  important  in  the  manufacture  of  gear¬ 
ing  in  such  a  way,  on  account  of  the  fact  that  even  with  the 
present  analysis  of  manganese  steel,  it  is  impossible  to  machine 
or  cut  the  teeth  in  the  pinion  or  gear  blanks,  but  the  contour 
of  the  teeth  must  be  obtained  in  casting  and  trued  up  by  grind¬ 
ing.  This  grinding  is  very  expensive,  and  is  generally  thought 
to  be  inefficient,  and  as  the  results  which  have  been  obtained 
from  manganese  steel  for  gearing  purposes  have  not  proven 
very  successful  as  yet,  I  very  much  question  whether  the  addi¬ 
tional  expense  brought  about  through  carbonizing  would  be 
warranted. 

Mr.  A.  Stucki:  When  the  last  gentleman  was  speaking 
about  fatigue  it  brought  to  mind  the  properties  of  vanadium, 
as  we  all  know  that  this  element  makes  steel  especially  able  to 
resist  dynamic  effects.  I  would  like  to  know  to  what  extent 
vanadium  has  been  tried  and  what  the  results  have  been.  I 

am  quite  sure  that  the  alloy  would  help  out  in  the  direction  of 
fatigue  especially. 

Mr.  W.  L.  Allen:  We  have  done  more  or  less  experi- 
menting  with  chrome  vanadium  steel  for  gearing,  arid  are  at 
the  present  time  carrying  on  some  experiments  with  the  manga¬ 
nese  vanadium  steel,  which  is  entirely  free  from  chrome,  having 
a  manganese  content  of  about  iy4  to  iy2  percent.  These  ex! 
penments  have  been  carried  on  both  in  the  case  hardening  of 
this  material  as  well  as  the  oil  tempering,  and  water  quenching, 
but  so  far  as  I  know  there  have  been  no  tests  carried  far  enough 
as  yet  for  us  to  determine  what  the  ultimate  results  will  be,  on 
account  of  the  fact  that  our  present  standard  products  wherein 
carbon  steel  heat  treated  is  used,  may  even  in  the  most  severe 
service  last  several  years  and  it  is  therefore,  impracticable  for  us 
to  obtain  any  dependable  data  on  test  gears  or  pinions  in  much 
less  than  a  year  or  two,  and  as  the  chrome  vanadium  steel  has 
not  yet  been  in  service  for  this  length  of  time,  so  far  as  I  know, 

'  We  are  una,lle  t0  express  an  opinion  as  to  its  merits  as  yet. 

In  the  use  of  chrome  vanadium  steel  or  any  alloy  steels  in 
the  manufacture  of  gearing,  it  is  necessary  to  take  into  con¬ 
sideration  the  fact  that  on  account  of  the  complicated  contour  of 
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the  gear  there  is  a  great  tendency  for  this  section  to  crack  in 
the  heat  treatment,  and  the  greater  the  number  of  alloys  added 
to  the  steel,  the  greater  the  complications  set  up  in  heat  treat¬ 
ment  and  correspondingly  an  increase  in  the  tendency  to  crack. 
We  do  not  feel  that  the  heat  treatment  of  carbon  steel  has  as 
yet  been  developed  to  the  highest  degree  of  efficiency,  and  from 
the  present  results  which  we  are  obtaining  from  such  materials 
as  B.P.  process  and  case  hardening  gearing  in  the  present  day 
service,  we  are  inclined  to  feel  that  we  should  exhaust  our  re 
searches  in  the  heat  treatment  of  carbon  steel  before  going  too 
deeply  into  the  use  of  the  higher  priced  alloy  steels  such  as 
chrome  vanadium. 

Mr.  A.  Stucki:  You  have  no  data  then  in  regard  to  man¬ 
ganese  and  vanadium  steel  at  this  time? 

Mr.  W.  L.  Allen  :  We  have  made  a  great  many  laboratory 
tests  in  which  the  resistance  to  alternating  stress  has  been  ob¬ 
served  as  well  as  other  physical  characteristics  of  gearing,  but 
the  actual  service  tests  have  as  yet  not  been  completed,  and 
present  indications  are  that  it  is  a  matter  of  not  less  than  one 

or  two  years. 

Mr.  R.  A.  McDonald  :*  The  doors  of  this  discussion  seem 
to  have  been  thrown  pretty  wide  open.  Heat  treatment  of  steel 
is  not  new.  We  have  heard  a  great  deal  about  it  recently. 
Originally  it  was  only  iron  and  the  method  of  making  steel  was 
simply  the  old  cementation  process.  It  has  largely  extended 
from  that,  Bessemer,  open  hearth,  crucible  and  electric.  The 
largest  object  that  is  treated  is  armor  plate,  which  is  treated 
by  several  methods,  Krupp,  Harveyized,  etc. 

Gears  for  automobile  use,  sizes  considered,  receive  more 
severe  treatment  in  service  than  any  other,  but  they  do  not  use 
straight  carbon  steel  as  a  rule  for  these  gears.  They  have  gone 
to  various  alloys,  nickel,  chrome,  tungsten,  vanadium,  etc.  There 
isn’t  any  real  vanadium  steel  that  amounts  to  much  for  gears, 
alloyed  with' other  elements,  either  nickel  or  chromium  or  tung¬ 
sten,  adds  to  the  life.  Vanadium  does  add  virtues  to  it  but 
its  best  virtue  is  in  the  addition  of  some  other  element  besides 
simply  the  vanadium  to  the  automobile  steel. 

"Manager,  Crescent  Works,  Crucible  Steel  Company  of  America,  Pittsburgh. 
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Dr.  J.  S.  Unger  :t  The  treatment  of  gears  is  something 
that  metallurgists  have  studied  for  a  long  time. 

A  process  was  brought  out  several  years  ago  to  harden  the 
tooth  oi  a  cast  steel  gear  by  coating  the  inside  of  the  mould  with 
powdered  ferro  manganese.  When  cast,  the  temperature  of  the 
molten  steel  was  high  enough  to  form  an  alloy  at  the  surface, 
giving  what  might  be  called  a  manganese  steel,  which  did  not 
wear  away  rapidly.  Another  process  was  brought  out  in  which 
ferro  chromium  was  substituted  for  ferro  manganese. 

These  teeth  were  very  rough,  sometimes  full  of  holes,  and 
usually  so  hard  it  was  impossible  to  machine  them.  When  a 
gear  of  this  kind  was  put  in  service  where  sudden  reversals  or 
heavy  starting  loads  were  common,  the  hard  alloyed  surface 
would  sometimes  shell  off,  causing  trouble. 

At  one  time  w’e  experimented  with  a  ferro  manganese  gear 
in  contact  with  two  ordinary  cast  steel  gears.  The  manganese 
gear  did  outlast  the  others  three  to  one.  While  it  showed  very 
little  wear,  it  wore  out  the  softer  gears  from  two  to  three  times 
as  fast  as  they  would  have  worn  had  the  three  gears  in  contact 
been  of  the  softer  material.  We  simply  transferred  the  wear 
from  one  to  the  other  gear. 

The  question  of  heat  treating  gears  was  primarily  brought 
about  for  this  reason :  The  trade  required  a  gear  that  would 
wear  longer  that  the  ordinary  gear.  The  ordinary  gear  tooth 
would  wear  away  until  it  was  not  strong  enough  to  resist  the 
force,  then  it  would  break  at  the  point  or  at  the  root.  In  addi¬ 
tion  to  securing  a  hard  surface  which  would  wear  better,  the 
aim  was  to  make  it  stronger  at  its  root,  so  it  would  not  break 
off  under  sudden  strain.  The  heat  treatment  increased  the 
strength,  without  reducing  the  toughness  to  any  great  extent. 

Case  hardening  a  gear  tooth  has  two  advantages.  The 
depth  of  the  penetration  of  the  carbon  can  be  easily  controlled, 
and  there  is  no  sharp  line  of  demarcation,  but  a  gradual  merg¬ 
ing  of  the  hard  into  the  soft  steel,  producing  a  tooth  admirably 
adapted  to  resist  wear. 

Mr.  W.  R.  Wigley  :  May  I  say  a  word  about  the  resistance 
of  steel  to  fatigue  and  the  effect  of  heat  treatment  upon  that 
resistance?  What  I  have  to  say  is  based  upon  some  recent  labo- 

fManager,  Central  Research  Laboratory,  Carnegie  Steel  Company,  Duquesne,  Pa. 
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ratory  experiments  and  1  think  that  some  of  the  things  that 
were  developed  are  new. 

Four  grades  of  carbon  steel  were  used  in  making  the  tests. 
The  carbon  content  of  the  first  series  of  test  pieces  was  about 
0.14  percent;  of  the  second  series  about  0.32  percent;  of  the 
third  series  about  0.60  percent,  and  of  the  fourth  series  about 
]  .02  percent. 

The  pieces  were  tested  by  bending  them  back  and  forth  thus 
setting  up  transverse  stresses  in  the  material.  Each  piece  of  a 
series  was  bent  through  a  definite  angle  and  the  bending  con¬ 
tinued  until  rupture  took  place.  For  each  piece  the  bending 
stress  was  computed  and  the  number  of  cycles  of  bending  back 
and  forth  was  counted.  By  changing  the  amount  of  bend  in 
the  various  pieces  of  a  series,  it  was  possible  to  determine  the  life 
of  the  material  (in  number  of  cycles)  at  various  stresses. 

In  plotting  the  results  a  special  plot  was  used.  The  ordi¬ 
nates  were  log10  of  the  stress,  and  the  abscissae  were  log10  of 
the  number  of  cycles.  The  curves  were  of  about  the  shape  shown 
in  Fig.  28. 


Humber  or-  CYCLED. 

Fig.  28. 
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If  curves  had  been  plotted  stress  vs.  number  of  cycles  with¬ 
out  using  the  logarithmic  scale,  a  series  of  hyperbolas  would 
have  resulted  and  it  would  have  been  very  difficult  to  detect  dis¬ 
crepancies  in  the  results  of  tests. 

From  these  curves,  it  is  evident  that  at  any  stress  the  higher 
carbon  steels  withstood  the  repeated  stresses  better  than  the 
lower  carbon  steels.  In  these  tests  the  loads  wrere  applied  with¬ 
out  impact.  Impact  might  change  the  relations  to  some  extent. 

One  of  the  things,  upset  by  these  experiments,  was  the 
belief  in  a  natural  elastic  limit.  The  tests  seemed  to  indicate 
that  there  is  no  such  thing  as  a  natural  elastic  limit,  at  stresses 
below  which  a  steel  will  have  infinite  life  against  repetitions  of 
load.  Another  factor  was  brought  out  and  that  is,  that  rest  will 
prolong  the  life  of  steel  to  some  extent. 

ith  regard  to  heat  treatment.  In  this  same  laboratory 
various  heat  treatments  were  practiced  on  these  four  grades  of 
steel  and  the  heat  treated  pieces  were  tested  against  the  normal 
steels.  One  heat  treatment  was  developed  with  one  of  the  steels 
which  gave  the  steel  the  same  life  as  the  normal  one  but  with 
the  stresses  about  three  times  greater  in  the  heat  treated  piece. 
What  the  comparison  might  have  been  in  length  of  life,  had 
both  the  normal  and  heat  treated  pieces  been  tested  at  the  same 
stress,  is  a  matter  for  speculation.  Undoubtedly  the  heat  treated 
piece  would  have  had  a  much  longer  life.  The  structure  of  the 
heat  treated  steel  appeared  to  be  troostitic  upon  inspection. 
No  microscopic  examination  was  made.  This  troostitic  (ap¬ 
parently  )  structure  seemed  to  give  better  results  than  anv  other 

structures  we  were  able  to  develop  by  the  heat  treatment  given 
to  the  four  steels. 

Mr.  H.  P.  Tiemann*  :  Mr.  Lynch  spoke  of  the  effect  of  heat 
treatment  on  the  elastic  limit.  Back  in  the  early  thirties  of  the 
last  century  Wohler  showed  the  effect  of  repeated  stresses  on 
steel  causing  failures,  and  he  showed  that  if  the  stresses  were 
below  tlie  elastic  limit  and  sufficiently  close  to  it,  a  certain  num¬ 
ber  of  stresses  would  cause  the  material  to  break  down.  The 
nearer  the  stress  to  the  elastic  limit,  the  more  quickly  the  ma¬ 
terial  would  break  down.  If  it  were  considerably  below  it.  a 

•Metallurgist,  Carnegie  Steel  Company,  Frick  Building,  Pittsburgh. 
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very  great  number  of  alterations  of  stress  would  be  required, 
until  finally  a  point  (which  has  been  termed  the  natural  elastic 
limit)  is  reached,  below  which  an  infinite  number  of  stresses 
could  apparently  be  applied  without  causing  failure.  I  think 
one  reason  Mr.  Lynch  made  the  statement  that  the  advances 
in  gears  had  been  greater  in  the  last  decade  than  in  any  other 
time,  was  due  to  the  fact  that  heat  treatment  can  affect  the 
elastic  limit  to  a  greater  degree  than  the  other  properties,  and 
it  seems  to  be  the  elastic  limit  which  determines  primarily  the 
life  and  strength  of  a  gear. 


A 


The  failure  of  gear  teeth,  when  not  caused  by  excessive 
brittleness  or  shock,  is  due  to  a  detailed  fracture,  D  C  B,  Fig.  29, 
where  repeated  alternate  stresses  too  nearly  approach  the 
elastic  limit.  Detailed  fractures  for  all  classes  of  material 
have  been  and,  to  a  more  limited  extent,  still  are  attributed  to 
the  material  being  too  brittle.  If,  however,  the  logical  cor¬ 
rection,  based  on  such  premises,  is  made  the  material  will  be 
found  to  fail  even  more  rapidly.  This  is  due,  as  already  ex¬ 
plained,  to  the  decrease  in  the  elastic  limit. 

In  Fig.  29  the  dotted  lines  DAB  show  the  final  contour 
of  the  tooth  which  may  result  from  the  wearing  action.  Here, 
failure  does  not  usually  occur  by  bending,  unless  a  sudden  ex¬ 
cessive  load  is  applied,  but  by  detailed  fracture  along  the  line 

D  C  B. 

I  believe  that  the  modulus  of  elasticity  must  be  taken  into 
consideration  in  the  design  of  various  classes  of  material  sub- 
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jected  to  repeated  stresses  or  shocks,  to  provide  a  section  suffi¬ 
cient  in  size  to  avoid  excessive  flexure.  If  the  modulus  of  elas¬ 
ticity  lias  the  importance  which  I  ascribe  to  it,  it  will  be  ap¬ 
preciated  that  as  it  is  practically  constant  for  all  grades  or 
types  of  steels,  the  substitution  ot  steel  with  higher  properties 
might  not  be  sufficient  to  correct  trouble  from  breakage  unless 
it  were  known  that  the  section  were  ample.  In  other  words, 
there  would  be  a  critical  size  or  section  below  which  all  grades 
of  material  would  give  trouble.  Both  these  improvements  in 
the  physical  properties  of  the  material  would  have  a  corre¬ 
sponding  effect  upon  the  life  or  service  of  the  object. 

It  might  be  'well  here  to  call  attention  to  a  distinction 
which  is  not  always  appreciated,  that  is,  between  the  object  as  a 
whole  and  the  material  of  which  the  object  is  composed.  The 
material  may  be  of  the  very  best  quality,  but  unless  the  ob¬ 
ject  is  properly  designed,  failures  may  occur.  For  example, 
treatment  might  result  in  setting  up  such  strains  that  cracks 
or  even  total  rupture  would  be  occasioned.  The  object  would 
thereby  be  destroyed,  while  the  material  itself  upon  suitable  in¬ 
vestigation  would  be  proved  to  be  of  entirely  satisfactory 
quality.  If  an  attempt  were  made  to  erect  a  structure  eniploy- 
ing  the  highest  grades  of  materials,  but  no  method  of  fastening 
the  various  pieces  together  were  employed,  the  structure  would 
fall,  but  blame  for  this  could  not  attach  to  the  component  ma¬ 
terials. 

In  practically  all  experiments  which  have  furnished  the 
information  we  at  present  possess,  relatively  very  small  pieces 
were  employed.  It  is  possible  to  heat  or  cool  such  pieces  nearly 
uniformly  throughout,  about  as  rapidly  as  desired.  When, 
however,  the  attempt  is  made  to  put  into  practice  the  prin¬ 
ciples  so  obtained,  it  is  found  that  a  new  factor  enters  largely 
into  the  problem,  namely,  the  mass  of  the  object  treated.  For 
example,  if  a  piece  of  fine  wire  is  heated  and  then  exposed  to 
air  at  the  ordinary  temperature,  it  will  be  cooled  almost  in¬ 
stantaneously,  while  the  time  required  in  the  case  of  a  large 
shaft,  even  when  plunged  into  cold  water,  will  be  many  minutes. 

Under  similar  conditions  the  rate  of  heating  and  eooling  is 
much  less  for  a  large  than  for  a  small  section,  for  two  reasons: 
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First,  because  the  distance  to  be  traversed  between  the  sur¬ 
face  and  the  center,  in  the  absorption  or  dissipation  of  heat,  is 
greater.  This  rate  progressively  decreases  as  the  temperature 
of  the  body,  or  of  one  portion  of  the  body  in  relation  to  an¬ 
other  portion,  approaches  that  of  the  source  of  heat  or  re¬ 
frigeration,  in  accordance  with  one  of  the  fundamental  laws  of 
thermodynamics. 


.Fig.  30.  Manner  of  Transmission  of  Heat. 


Fig.  30  is  intended  to  illustrate  how  the  transference  of  heat 
occurs  between  different  portions  of  the  surface  and  the  inter¬ 
ior.  ABC  T  is  a  section  through  an  object  uniformly  heated 
or  cooled  on  all  sides.  The  transference  of  heat  to  A  B  F  E  is 
through  A  B ;  to  A  E  D  through  A  D,  etc.  The  progressive 
effect  is  indicated  by  the  dotted  lines  which  are  rounded  at  the 
corners  of  the  section,  because  in  those  regions  it  is  obtained 

from  two  sides. 

Second,  because  the  cross-section  increases  directly  as  the 
square  of  the  diameter,  while  the  circumference  increases  only 
in  simple  proportion  to  the  diameter.  The  same  relation  also 
exists  between  surface  and  volume  (mass),  since  these  are  ob¬ 
tained  by  multiplying  the  circumference  (or  perimeter)  and 
the  area,  respectively,  by  the  same  value  representing  the  length. 

In  Fig.  31  is  a  table  of  ratios  between  circumference  and 
area  for  circles  of  diameters  of  1  to  10.  In  the  same  figure  are 
shown  three  circles  with  diameters  of  1,  2  and  4.  The  hatched 
portions  show  graphically  that  the  same  linear  distance  on  the 
circumference  of  each  must  serve  for  the  transfer  of  amounts 
of  heat  which  are  respectively  1 ,  2  and  4;  as  already  explained 
these  ratios  are  the  same  if  the  surfaces  and  volumes  (masses) 
are  substituted.  This  may  be  summarized  in  the  general  law 
that  for  bodies  of  similar  section  the  amount  of  heat  transfer- 
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red  per  unit  of  surface  is  directly  proportional  to  the  ratios 
of  their  diameters  (or  similar  dimensions  of  their  cross-section;. 

The  preservation  in  the  cold  state  of  the  condition  which 
existed  at  the  temperature  to  which  an  object  is  heated  (above 
the  critical  point)  is  dependent  upon  a  certain  rate  of  cooling, 
irrespective  of  the  size  or  mass  of  that  object.  With  the  means 
at  our  command  it  will  readily  be  appreciated  that  a  point  is 
very  quickly  reached  when  no  method  of  cooling  can  compen¬ 
sate  for  the  increase  in  mass,  so  that  the  rate  of  cooling  de¬ 
creases  with  corresponding  increase  in  the  actual  time  required. 


Fig.  31.  Relative  Amounts  of  Heat  Transmitted  per  Unit  of  Area 

of  Surface. 


As  a  direct  result  the  interior  of  large  masses  will  be  cooled 
so  slowly  as  to  have  only  the  properties  of  smaller  masses  cool¬ 
ed  in  the  same  time,  or,  in  other  words,  the  effect  has  been  that 
of  annealing  rather  than  of  quenching,  as  these  terms  are  com¬ 
monly  understood.  The  exterior  portion,  although  considerably 
retarded  in  its  cooling  by  the  necessary  transfer  through  it  of 
heat  from  the  interior  will  be  benefited  in  proportion  to  the 
rate  at  which  its  temperature  was  brought  below  the  critical 
range,  the  properties  of  different  portions  of  such  a  piece  being 
in  inverse  proportion  to  the  distance  from  the  surface. 
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Fig.  32  is  intended  to  show  this  state  of  affairs  graphically, 
but  without  any  claim  as  to  its  quantitative  or  even  its  quali¬ 
tative  accuracy.  The  curve  A  B  is  supposed  to  represent  the 
maximum  theoretical  relation  between  strength  and  ductility  for 
steel  of  any  given  composition ;  steels  of  other  composition  would 
be  represented  by  curves  varying  progressively  from  one  another. 
If  it  be  tentatively  admitted  that  this  curve  is  correct,  then  a 
piece  with  the  properties  corresponding  to  the  point  A,  with  re¬ 
latively  high  strength  and  low  ductilitjq  would  be  of  equal  merit 
with  another  piece  with  properties  B,  where  relatively  low 
strength  is  combined  with  high  ductility;  or  with  a  piece  with 
properties  represented  by  any  other  point  on  the  curve,  since 
the  curve  is  drawn  on  the  assumption  of  a  constant  value  for  the 
relation  between  strength  and  ductility. 


Fig.  32.  Diagram  Showing  Effect  of  Mass. 

If  a  piece  had  only  the  properties  C,  the  strength,  accord¬ 
ing  to  our  assumption,  could  be  increased  to  C,  the  ductility 
remaining  the  same ;  or  the  ductility  could  be  increased  to  C' 
the  strength  remaining  the  same;  or  any  other  maximum  rela¬ 
tion  could  be  attained,  as  C  ' ' ,  on  the  curve  A  B. 

In  actual  practice  or  experiment,  however,  the  factor  of 
mass  is  bound  to  enter  in,  even  with  the  smallest  obtainable 
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section,  so  that  this  maximum  curve  can  only  be  approached 
but  never  quite  reached.  With  very  small  pieces  the  experi¬ 
mental  maximum  might  he  as  represented  by  the  curve  A',  B  ; 
other  curves  A",  B ",  A"',  B',  etc.,  would,  in  the  same  manner, 
represent  the  possible  maxima  which  could  be  attained  by  pieces 
of  increasing  section. 

If  the  point  C,  for  example,  represents  the  properties  of  a 
large  untreated  section,  these  could  probably  be  improved  by 
annealing  to  some  point  E,  or  by  quenching  and  tempering  F 
or  G.  With  cooling  more  rapid  than  usual,  as  by  quenching 
in  iced  brine  or  liquid  air,  followed  by  tempering,  the  point  D 
might  be  reached. 

The  reason  for  the  higher  relation  of  properties  in  a  small 
section  over  that  in  a  large  section,  treated  under  the  same 
conditions,  would  appear  to  be  due  principally  to  the  condition 
of  the  carbon.  This  is  also  borne  out  by  the  difference  in  the 
properties  of  test  specimens  cut  respectively  from  near  the  sur¬ 
face  and  at  the  center  of  large  sections,  which  lias  resulted  in  the 
clause  in  forging  specifications  that  “the  axis  of  the  specimen 
shall  be  located  at  any  point  one-half  the  distance  from  the 
center  to  the  surface  and  shall  be  parallel  to  the  axis  of  the 
object  tested,’’  with  a  view  to  determining  the  average  values. 

Under  suitable  conditions  of  heating  it  is  possible  to  se¬ 
cure  a  reasonably  uniform  temperature  throughout  a  fairly  large 
section.  If  the  rate  of  cooling  could  then  be  controlled  so  that 
a  large  section  could  be  cooled  as  rapidly  (that  is,  in  the  same 
time)  as  a  smaller  object,  the  uniformity  of  the  material  in  the 
two  cases  should  be  the  same.  As  a  matter  of  fact,  however, 
such  a  state  of  affairs  cannot  be  attained,  as  the  conduction  of 
heat  from  the  center  to  the  outside  of  a  section  of  any  size  is 
relatively  slow  for  the  reason  already  given,  and  cannot  be 
hastened  sufficiently  by  any  means  at  our  command.  Even  if 
such  were  not  the  case,  there  is  another  insurmountable  ob¬ 
stacle  in  the  path.  This  is  the  possible  introduction  of  excessive 
strains  in  large  pieces,  particularly  where  there  is  any  irregular¬ 
ity  of  section.  Rupture  or  incipient  cracks  resulting  from  this 
would  not  be  corrected  by  any  heat  treatment  alone. 

We  are  therefore  confronted  with  the  contradictory  state 
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of  affairs  that  the  larger  the  section  the  more  vigorous  should  be 
the  cooling;  and  the  more  vigorous  the  cooling  the  greater  the 
liability  to  excessive  strains  or  rupture.  While  the  component 
particles  of  the  material  may  be  advantageously  affected,  the  ob¬ 
ject  as  a  whole  suffers.  From  this  it  is  evident  that  for  any 
given  size  or  section  there  is  a  maximum  relation  between  the 
ductility  and  strength,  which  decreases  as  the  dimensions  in¬ 
crease;  that  if  the  strength  is  maintained  constant  the  ductility 
must  decrease,  and  vice  versa,  as  discussed  in  connection  with 
Fig.  32. 

It  must  consequently  be  realized  that  the  possibilities  as 
regards  the  physical  properties  of  large  sections  are  not  so  great 
as  in  the  case  of  small  sections,  and  this  must  be  taken  into  con¬ 
sideration  in  drawing  up  the  physical  requirements  of  specifi¬ 
cations.  For,  stating  the  case  briefly,  under  similar  circum¬ 
stances  : 

First :  The  condition  of  the  carbon  and  the  grain  size  de¬ 
pend  upon  the  temperature  and  the  rate  of  cooling. 

Second:  The  rate  of  cooling  depends  upon  the  diameter 
or  thickness  of  a  given  section,  and  probably  also  to  a  certain 
extent  upon  the  length,  or,  in  other  words,  upon  the  mass. 

Third:  The  rate  of  cooling  through  the  critical  range, 
and  just  below  the  lower  critical  point,  is  of  much  greater  im¬ 
portance  than  during  any  subsequent  tempering  (after 
quenching) . 

To  determine  the  uniformity  of  heating,  the  temperature 
must  be  of  unquestioned  accuracy.  Further,  the  rate  of  heat¬ 
ing  must  be  carefully  determined  by  experiment  to  secure  prop¬ 
er  penetration.  It  will  be  seen  that  the  principles  involved  are 
comparatively  simple.  The  main  difficulty  in  carrying  out  the 
operations  commercially  is  found  in  securing  the  necessary  de¬ 
gree  of  uniformity.  It  is  for  this  reason  that  special  equipment 
is  so  essential.  Of  equal  importance  is  the  proper  material,  the 
composition  of  which  must  be  definitely  known,  as  variations, 
particularly  in  carbon,  will  result  in  different  physical  proper¬ 
ties  being  secured  under  the  same  conditions  of  treatment. 

Mr.  T.  D.  Lynch:  Mr.  Grayson  discussed  the  question  of 
manganese  in  steel  and  its  relation  to  heat  treatment.  Let  me 
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say  in  reply  that  we  find  when  manganese  runs  around  0.80  to 
0.90  percent  we  have  a  great  deal  of  trouble  to  machine,  there¬ 
fore,  we  must,  on  account  of  machining,  keep  the  manganese 
below  0.80  percent.  We  do  not  have  any  serious  trouble  with  heat 
treatment  of  steel  having  manganese  around  0.50  to  0.60  percent. 

Mr.  Handy  introduced  the  question  of  defective  heat  treat¬ 
ment  of  locomotive  axles.  I  would  like  to  say  that  1  am  con¬ 
vinced  that  heat  treated  axle  troubles  are  not  all  due  to  heat 
treatment,  no  doubt  some  of  it  is,  but  a  great  many  of  these 
troubles  begin  when  the  steel  is  made. 

In  closing,  I  would  like  to  emphasize  the  last  paragraph 
of  Mr.  Phillips’  paper  in  which  he  speaks  of  the  importance  of 
cooperation,  the  working  together,  of  all  interested  parties,  to 
a  common  end. 

Troubles  with  gearing  cannot  always  be  traced  to  the  heat 
treatment.  The  steel  maker  may  have  furnished  the  steel  from 
an  off  heat,  the  forging  company  may  heat  too  hot  or  not  hot 
enough,  forge  too  lightly  or  too  heavy ;  or  in  service  the  operator 
may  lubricate  improperly,  permit  sand  to  get  into  the  gearing 
or  perhaps  not  keep  the  bearings  in  proper  alignment ;  any  one 
of  which  may  cause  failure. 

This  thought  is  brought  out  to  show  that  the  cooperation, 
in  the  fullest  measure,  of  all  concerned,  is  most  necessary.  May 
I  repeat  his  last  paragraph:  “ Cooperation  in  the  fullest  measure 
between  the  steel  maker,  the  forging  company,  the  gear  manu¬ 
facturer  and  the  railway  operator  is  the  prime  essential  for 
satisfactory  development.  ’  ’ 

Mr.  Elmer  K.  Hiles:  I  wish  to  express  the  appreciation 
of  everyone  present  as  well  as  to  extend  the  thanks  of  the  So¬ 
ciety  to  Mr.  Lynch  for  presenting  Mr.  Phillips’  paper  this 
evening.  Mr.  Phillips  was  taken  ill  very  suddenly  and  Mr. 
Lynch  has  had  but  the  briefest  time  for  preparation. 
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The  Carpenter  Steel  Company,  of  Reading,  Pa.,  have  re¬ 
cently  installed  a  low  pressure  steam  turbine  for  driving  two 
stands  of  18  inch  three-high  mills.  About  four  years  ago  James 
Dunlop  &  Company  installed  at  their  Calderbank  Steel  Works, 
near  Glasgow,  Scotland,  a  low  pressure  steam  turbine  for  driv¬ 
ing  a  three-high  28  inch  plate  mill.  I  believe  these  two  installa¬ 
tions  are  the  only  ones  of  their  kind. 

Briefly,  the  Calderbank  installation  consists  of  a  750  h.  p. 
mixed  pressure  Parsons  turbine,  operating  at  a  speed  of  2000 
r.  p.  m.  This  speed  is  reduced  first  to  3/5  r.  p.  m.  and  then  to 
70  r.  p.  m.,  the  speed  of  the  mill  shaft,  by  means  of  double 
helical  gears.  Both  sets  of  gears  are  of  the  solid  frame  type. 
This  installation  is  fully  described  in  the  Journal  of  the  West 
of  Scotland  Iron  and  Steel  Institute  Nos.  5  and  6.  Volume 
XVIII. 

The  Carpenter  Steel  Company  formerly  drove  their  three- 
liigh  roughing  mills  by  means  of  a  36  x  36  in.  simple  engine  at 
speeds  of  from  70  to  100  r.  p.  m.  according  to  the  nature  of  the 
work  going  through  the  mill.  This  engine  operated  condensing 
but  on  account  of  its  type  the  economy  was  very  poor. 

They  have  a  10  in.  and  an  8  in.  finishing  mill  belted  to  a 
22  x  40  x  48  in.  cross  compound  engine.  This  engine  also  ran 
condensing  exhausting  into  a  jet  condenser,  the  vacuum  on 
which  varied  from  18  in.  to  24  in.  Reasonably  good  economy 
could  have  been  obtained  on  the  compound  engine  if  the  vacuum 
had  been  higher,  but  as  the  condenser  was  of  an  obsolete  type, 
the  general  operation  of  this  portion  of  the  plant  was  un¬ 
economical. 

The  boiler  feed  water  for  the  entire  plant  is  heated  by  the 
exhaust  from  direct  acting  service  and  boiler  feed  pumps  and 

Presented  at  the  bi-monthly  meeting  of  the  Mechanical  Section,  November  9,  and 
published  in  the  November,  1914,  Proceedings. 
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several  air  compressors,  and  its  temperature  is  about  210  deg. 
Fahr.  However,  there  is  more  steam  available  for  heating  feed 
water  than  is  necessary  and  the  heater  is  not  in  the  best 
physical  condition. 

A  little  over  a  year  ago  a  very  careful  study  was  made 
to  better  the  economy  of  operation,  and  a  number  of  methods 
of  accomplishing  this  were  suggested. 

The  installation  of  a  new  compound  engine  for  driving  the 
roughing  mill,  and  a  modern  central  condensing  system  were 
first  considered.  However,  due  to  the  wide  fluctuations  of  load 
on  the  engine  and  the  fact  that  the  normal  horse  power  re¬ 
quired  is  comparatively  small,  the  first  cost  and  economy  of 
this  type  of  installation  were  not  attractive. 

The  installation  of  a  low  pressure  turbine  generator  with 
condenser  and  motor  drive  for  the  mill  then  was  considered. 
This  would  have  worked  out  better  had  there  been  a  bigger 
demand  for  power  for  other  purposes  in  the  plant.  However, 
as  the  majority  of  the  power  that  could  be  generated  from  the 
exhaust  of  the  finishing  mill  engine,  if  it  had  been  operated 
non-condensing,  would  have  been  used  on  the  roughing  mill, 
several  disadvantages  to  this  scheme  were  found.  The  original 
cost  of  the  installation  consisting  of  turbine,  generator,  switch¬ 
board,  transmission  line,  starters,  motors,  etc.,  would  have  been 
considerably  greater  than  the  cost  of  the  installation  of  a  turbine 
geared  direct  to  the  mill.  The  loss  of  from  15  to  20  percent  of 
the  available  energy  in  the  steam  through  electrical  generation 
and  transmission  would  have  been  far  in  excess  of  the  gear  loss 
with  the  direct  turbine  drive. 

It  was  therefore  finally  decided  to  install  a  low  pressure 
turbine  with  a  double  reduction  gear  connected  to  the  roughing 
mill  and  to  obtain  the  steam  supply  for  the  turbines  by  running 
the  finishing  mill  engine  non-condensing. 

The  old  simple  engine  was  direct  connected  to  the  middle 
roll  of  the  mill.  Between  the  crank  disc  and  the  wobbler  was 
mounted  a  26  ft.  fly  wheel  having  a  14  x  22  in.  rim  weighing  26 
tons.  There  was  a  heavy  bearing  between  the  crank  disc  and 
fly  wheel,  and  another  between  the  fly  wheel  and  wobbler. 

In  the  new  installation  everything  was  left  the  same  up  to 
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and  including  the  crank  disc.  The  turbine  shaft  is  connected 
to  the  first  pinion  by  means  of  a  flexible  coupling,  and  the  first 
gear  is  connected  to  the  second  pinion  by  means  of  a  flexible 
coupling.  On  the  second  gear  shaft  is  mounted  one-half  of  a 
flexible  coupling.  The  other  half  was  made  up  of  a  cast  steel 
distance  piece  between  the  gear  half  of  the  coupling  and  the 
crank  disc. 

All  the  apparatus  except  the  distance  piece  was  installed 
and  operated  for  several  days  without  load.  During  this  time 
the  old  engine  continued  to  drive  the  mill.  After  everything 
operated  satisfactorily,  the  connecting  rod  of  the  engine  was 
disconnected  and  dropped  out  of  the  way.  The  distance  piece 
having  a  hole  cored  into  it  to  accommodate  the  crank  pin  was 
then  placed  and  bolted  solid  to  the  crank  disc. 

The  idea  of  this  arrangement  was  to  make  the  change  in 
the  shortest  possible  time  and  at  the  same  time  make  it  possible 
to  reconnect  the  engine  in  case  it  had  been  necessary  to  make 
any  changes  on  the  turbine.  The  steel  distance  piece  was  de¬ 
signed  so  that  it  and  the  crank  disc  with  its  counterweight  are 
in  rotative  balance. 

The  compound  engine  driving  the  finishing  mill  was  taken 
off  the  condenser  and  a  new  system  of  exhaust  piping  installed. 

The  size  of  the  exhaust  from  the  engine  driving  the  finish¬ 
ing  mill  is  14  in.  A  14  x  16  x  16  x  8  in.  cross  was  connected  to 
this  exhaust  line.  To  one  16  in.  outlet  a  multiport  back  pres¬ 
sure  valve  was  connected  to  relieve  any  surplus  exhaust  steam 
to  atmosphere.  From  the  other  16  in.  outlet  on  the  cross  a  line 
was  run  to  the  condenser  which  ordinarily  serves  the  turbine 
driving  the  roughing  mill.  An  8  in.  branch  was  taken  off  this 
line  to  supply  steam  to  the  turbine.  Under  ordinary  conditions 
the  compound  engine  runs  non-condensing,  supplying  steam  at 
from  3  to  3%  lb.  gage  to  the  turbine.  Plowever,  when  rolling 
certain  sizes  of  material  the  roughing.mill  is  not  used  and  the 
steel  is  taken  directly  to  the  finishing  mill.  Valves  between 
the  engine  exhaust  and  the  turbine,  and  between  the  turbine 
exhaust  and  condenser  are  then  closed  and  a  valve  between  the 
engine  exhaust  and  condenser  opened,  allowing  the  engine  to 
operate  condensing  with  good  economy. 
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From  the  other  8  in.  connection  on  the  cross  a  line  was  run 
down  to  the  pump  room,  first  for  supplying  exhaust  steam  to  a 
low  pressure  turbine  driven  circulating  pump,  and  second  to 
make  it  possible  to  connect  the  exhaust  steam  system  in  the 
pump  room  with  the  general  system.  The  open  feed  water 
heater  above  mentioned  will  ultimately  be  replaced  by  a  larger 
heater  and  the  connection  made  to  the  general  exhaust  system. 
This  will  be  done  so  that  in  case  of  a  surplus  of  exhaust  steam 
from  the  pumps  and  air  compressors  over  that  required  for  heat¬ 
ing  the  feed  water  and  at  the  same  time  a  deficiency  of  exhaust 
steam  from  the  finishing  mill  engine,  the  turbine  driving  the 
mill  will  be  supplied  with  as  much  exhaust  steam  as  might  be 
available. 

The  distance  from  the  cross  connection  above  mentioned  to 
the  mill  turbine  is  about  55  ft.  and  the  distance  from  the  same 
point  to  the  pump  room  about  50  ft. 

Very  careful  attention  was  given  to  the  question  of  supply¬ 
ing  dry  steam  to  the  turbine.  In  the  8  in.  supply  line,  a  special 
low  pressure  receiver  separator  was  installed.  There  is  a  length 
of  about  12  ft.  of  straight  piping  between  the  separator  and  the 
turbine  throttle.  In  this  12  ft.  of  piping  w’hich  was  made  10  in. 
inside  diameter,  a  coil  of  1-inch  copper  pipe  wTas  placed.  A 
live  steam  connection  was  made  to  this’  coil  at  one  end  and  the 
other  end  led  to  a  steam  trap.  I  his  ‘'dryer  arrangement  was 

also  used  on  the  supply  line  to  the  turbine  driving  the  circu¬ 
lating  pump. 

Immediately  before  the  low’  pressure  throttle  valve  of  the 
turbine  a  Cochrane  multiport  flow’  valve  is  placed.  The  pur¬ 
pose  of  this  flow’  valve  is  to  prevent  the  loss  of  vacuum  in  case 
of  failure  or  partial  failure  of  the  exhaust  steam  supply. 

The  following  velocities  w’ere  used  in  deciding  on  the 
various  pipe  sizes : 

On  the  low  pressure  steam  supply  to  the  main  turbine  9500 

ft.  per  min. 

On  the  exhaust  from  the  main  turbine  26  000  ft.  per  min. 
for  the  maximum  condition  and  16  700  ft.  per  min.  for  the  nor¬ 
mal  condition. 

On  the  water  line  supplying  the  condenser  4.6  ft.  per.  sec. 
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was  used  on  the  discharge  line  and  3.5  ft.  per  sec.  on  the  suction 
line. 

The  exhaust  line  from  the  turbine  driving  the  circulating 
pump  which  is  about  75  ft.  long  was  figured  for  future  maximum 
velocity  of  25  700  ft.  per  min.  or  for  the  present  condition,  15  500 
ft.  per  min.  It  is  proposed  some  time  in  the  future  to  install  a 
second  pump  to  be  driven  by  the  present  turbine.  This  pump 
will  be  used  for  general  supply  purposes  in  the  mill. 

A  study  of  the  power  requirements  resulted  in  the  turbine 
being  designed  for  the  following  conditions: 


Fig.  3.  Turbine  and  double  reduction  gear  as  installed.  Part  of  engine 
which  formerly  drove  this  mill  can  be  seen.  This  engine  is  still 
in  place  and  by  removing  the  distance  piece  between  crank 
disc  and  flexible  coupling  on  last  gear  reduction,  it 
can  be  re-connected  to  mill. 

With  31b.  gauge  pressure  at  the  turbine  throttle,  equiva¬ 
lent  to  between  3^4  and  3^4  lb*  at  the  exhaust  of  the  compound 
engine,  and  with  3  in.  absolute  pressure  in  the  turbine  wheel 
case,  the  turbine  was  designed  to  carry  3o0  h.  p.  at  speeds  vary¬ 
ing  from  70  to  100  r.p.m.  on  the  mill  shaft. 

Under  this  condition  the  turbine  was  guaranteed  to  take 
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not  more  than  26  lb.  of  steam  per  brake  horse  power  per  hour, 
a  brake  horse  power  being  considered  at  the  end  of  the  second 
gear  reduction. 

T  he  turbine  is  of  the  combination  high  and  low  pressure 
type  and  is  designed  to  carry  normal  full  load  of  350  h.  p  with 
120  11).  steam  pressure  at  the  tunbine  throttle  and  3  in.  absolute 
pressure  in  the  turbine  wheel  case.  Under  this  condition  it 
was  guaranteed  to  take  not  more  than  17.51b.  of  steam  per 
brake  horse  power  per  hour. 

In  order  to  take  care  of  overloads,  the  turbine  is  designed 
to  operate  with  mixed  pressure  and  with  steam  at  3  lb.  gauge 
on  the  low  pressure  side,  and  120  lb.  on  the  high  pressure  side 
will  carry  600  brake  horse  power  continuously. 

It  is  also  designed  to  carry  the  full  overload  of  600  h.  p.  on 
high  pressure  steam  only,  as  this  is  a  desirable  feature  in  case 
it  would  be  necessary  to  run  the  turbine  when  the  compound 
engine  is  down.  Under  this  condition  it  was  guaranteed  to  take 
not  more  than  15.7  lb.  of  steam  per  b.  h.  p.  per  hour. 

As  there  may  be  conditions  when  it  would  be  desirable  to 
operate  the  roughing  mill  during  repairs  or  inspection  of  the 
condenser  or  the  pump,  the  turbine  will  carry  the  mill  under 

ordinary  conditions  with  120  lb.  steam  pressure  and  atmospheric 
exhaust. 

Briefly  the  turbine  will  operate  as  follows  : 

Low  pressure  condensing, 

Mixed  pressure  condensing, 

High  pressure  condensing, 

High  pressure  non-condensing. 

It  was  considered  more  desirable  to  make  the  turbine  ex¬ 
tremely  flexible  to  take  care  of  every  conceivable  condition  of 
operation  than  to  endeavor  to  obtain  the  highest  possible  econ¬ 
omy  under  any  particular  condition. 

The  question  of  starting  a  mill  of  this  kind  with  a  turbine 
is  one  to  which  very  careful  attention  has  been  given.  No 
starting  troubles  have  been  experienced  on  this  installation  as 
the  turbine  will  start  the  mill  when  cold  without  any  difficulty 
or  outside  aid. 

The  turbine  is  of  the  De  Laval  multi-stage,  impulse  type 


786  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENN  A. 

containing  nine  wheels  with  one  row  of  buckets  on  each  wheel. 
The  first  three  wheels  are  used  for  high  pressure  conditions  only 
and  the  remainder  for  low  pressure  or  combination  conditions. 

The  turbine  shaft  operates  at  a  speed  of  5000  r.  p.  m.  It  is 
geared  to  600  r.  p.  m.  and  this  shaft  in  turn  is  geared  to  100 
r.  p.  m.  The  gears  are  of  the  double  helical  involute  type  with 
45  deg.  teeth.  The  pinion  teeth  in  each  case  are  cut  in  a  chrome 
nickel  steel  forging.  The  gears  are  made  up  of  cast  iron  cen¬ 
ters  on  which  are  shrunk  rolled  steel  bands.  The  teeth  are  cut 
in  these  bands.  Each  gear  set  is  mounted  in  a  cast  iron  casting 

rigid  in  construction. 


Fig.  4.  Mill  driven  by  the  turbine. 

The  pinion  and  gears  were  very  carefully  cut  and  ground, 
and  are  practically  noiseless  in  operation. 

The  turbine  is  supplied  with  a  variable  speed  Jalins  gov¬ 
ernor  which  can  be  adjusted  while  the  machine  is  in  operation, 
giving  a  speed  variation  of  from  100  to  70  r.  p.  m.  on  the  mill 

shaft. 

The  turbine  and  gears  are  supplied  with  a  central  oiling 
system.  The  governor  spindle  is  extended  and  drives  a  geared 
oil  pump,  placed  in  a  drain  tank  at  the  end  of  the  turbine.  The 
oil  is  pumped  through  an  oil  cooler  to  a  supply  tank  placed 
about  15  ft.  above  the  center  line  of  the  turbine.  This  tank 
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supplies  oil  to  all  the  high  speed  bearings,  gears  and  oil  relay 
governor.  The  slow  speed  bearings  are  ring  oiled.  An  oil  filter 
is  placed  on  a  by-pass  from  the  oil  pump  to  the  supply  tank. 

A  Schutte  &  Koerting  multi-jet  type  condenser  was  in¬ 
stalled.  This  type  was  chosen  with  the  desire  to  make  all  the 
equipment  as  simple  as  possible  and  its  economy  in  this  case  is 
better  than  the  economy  of  those  condensers  which  require  air 
pumps;  for  the  reason  that  there  is  a  surplus  of  exhaust  steam 


Fig.  5.  Back  view  of  turbine  and  reduction  gear. 


at  the  plant,  part  of  which  is  used  to  drive  a  low  pressure 
turbine  driven  circulating  pump,  so  that  no  high  pressure  steam 
auxiliaries  are  used. 

The  piping  connection  between  the  turbine  exhaust  and  the 
condenser  was  made  as  short  as  possible.  There  is  a  tee  placed 
in  this  connection  on  the  top  outlet  of  which  is  a  10  in.  water 
sealed  multiport  free  exhaust  valve. 

The  water  supply  pump  for  the  condenser  has  a  normal 
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capacity  of  2200  gallons  of  water  per  minute,  equivalent  to  a 
little  over  three  million  gallons  per  24  hours  against  a  total 
head  of  50  ft.  at  1500  r.  p.  m.  the  turbine  shaft  operates  at  a 
speed  of  5000  r.  p.  m.  being  geared  to  1500  r.  p.m.  required  for 
the  pump,  the  sSme  construction  of  gears  being  used  as  is  used 
on  the  main  turbine. 

This  pump  is  so  arranged  that  it  can  be  started  and  run 
non-condensing  as  it  exhausts  into  the  same  condenser  to  which 
it  furnishes  water.  The  turbine  also  will  carry  full  load  with 
high  pressure  steam  operating  condensing  which  is  a  desirable 
feature  in  view  of  the  possibility  of  there  not  being  sufficient 
low  pressure  steam  for  driving  the  mill  turbine.  Preference  is 
given  to  the  turbine  driving  the  mill  in  the  matter  of  low 
pressure  steam  supply. 

As  stated  above  the  roughing  mill  driven  by  the  turbine 
consists  of  two  stands  of  18  in.  three-high  mills.  The  mills  are 
manually  operated,  two  men  being  employed  on  each  stand. 

The  reduction  of  a  4  in.  x  4  in.  billet,  17.6  in.  long  weigh¬ 


ing  80  lb.  is  performed  as  follows : 

Shape  Reduced  Size  Shape 

34" 


Pass  Size 


1 

4X4' 

2 

34" 

3 

3"  X 

4 

3" 

5 

234" 

6 

24" 

7 

24" 

8 

34" 

9 

134" 

10 

24" 

11 

4" 

12 

14" 

13 

4" 

Square 

Square 

Rectangular 

Square 

Square 

Square 

Square 

Oval 

Square 

Oval 

Square 

Oval 

Square 


3"  X  24" 
3" 

23^" 

24" 

24" 

34" 

1%" 

24" 

4" 

14" 

34" 

14" 


Square 

Rectangular 

Square 

Square 

Square 

Square 

Oval 

Square 

Oval 

Square 

Oval 

Square 

Oval 


Time  of  Pass. 


2/5  Sec. 
2/5  “ 

4/5  “ 

1 

12/5  “ 

2  1/5  “ 


3  1/5  “ 

4 

5 
7 

10 


The  above  material  was  high  carbon  steel,  and  on  account 
of  the  fact  that  the  finishing  mill  engine  could  not  take  material 
faster  with  this  quality  of  steel,  only  one  billet  was  in  the 
roughing  mill  at  this  time.  When  rolling  low  carbon  steel  there 
are  often  two  billets  in  the  roughing  mill  at  once. 

The  600  r.  p.m.  shaft  is  supplied  with  a  tachometer  hav¬ 
ing  a  4  inch  circle,  with  speed  indications  from  200  to  800 
r.  p.  m.  in  300  deg.  of  the  circle.  During  the  operation  m  the 
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cycle  described  above,  there  was  absolutely  no  fluctuation  of 
the  tachometer  pointer  during  any  of  the  passes. 

However,  when  two  billets  are  in  the  mill  at  the  same 
time  during  the  early  passes  of  the  second  billet,  the  speed  of 
the  machine  drops  approximately  2  percent,  the  high  pressure 
governor  valve  opens,  and  there  is  then  a  nozzle  pressure  in  the 
first  high  pressure  stage  of  from  25  to  50  lb.  This  opening  of 


Fig.  6.  Second  reduction  gear  and  distance  piece  showing  crank  pin 

extending  through  distance  piece. 

the  high  pressure  governor  valve  is  momentary  and  simplv 
«  »  *  * 

indicates  that  the  high  pressure  governor  acts  only  in  an  emer¬ 
gency  caused  by  the  sudden  overload  of  the  second  billet. 

It  will  be  noted  that  since  during  the  time  when  there  is 
only  one  billet  in  the  mill  there  is  no  apparent  fluctuation  in 

speed,  no  advantage  is  being  taken  of  the  26  ton  flv  wheel.  This 

* 
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would  seem  to  be  poor  practice.  It  must  be  remembered  how¬ 
ever  that  the  fly  wheel  was  not  installed  for  the  turbine  drive, 
as  it  was  part  of  the  equipment  before  the  change  was  made. 
It  is  desirable  to  keep  the  mill  operating  at  as  constant  a  speed 
as  possible,  as  this  results  in  bigger  production.  There  is  an 
ample  supply  of  exhaust  steam  available,  which  goes  to 
atmosphere  if  it  is  not  being  used  in  the  turbine.  Therefore 


Fig.  7.  Cross  compound  engine  driving  finishing  mill  from  which  sup¬ 
ply  of  low  pressure  steam  for  turbine  is  obtained. 


the  low  pressure  governor  is  made  to  operate  very  quickly  and 
on  any  slight  change  in  speed  to  open,  in  order  to  admit  more 
low  pressure  steam.  However,  since  high  pressure  steam  has  a 
certain  value,  when  the  limit  to  the  capacity  of  the  turbine  on 
low  pressure  steam  only  is  reached,  the  fly  wheel  is  utilized  up 
to  a  speed  drop  of  2  percent  when  the  high  pressure  valve  opens 
momentarily  and  maintains  the  speed  at  that  point.  hen  the 
overload  disappears  the  high  pressure  valve  again  closes  and 
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the  machine  runs  up  to  its  normal  speed  on  low  pressure  steam 
only. 

With  water  at  a  temperature  of  72  deg.  Fahr.  and  the  mill 
operating  under  normal  conditions,  a  vacuum  of  28.2  in.  with  a 
barometer  of  29.78  in.  was  obtained.  This  is  equivalent  to  1.58 
in.  absolute  vacuum,  the  vacuum  being  taken  by  a  mercury 
column.  The  tail  water  from  the  Schutte  condenser  with  in¬ 
jection  water  at  72  deg.  Fahr.  was  81  deg.  Fahr. 

During  the  second  day’s  operation  it  was  necessary  to  take 
the  condenser  off  to  clean  a  screen  in  the  water  system  and  the 
turbine  was  tested  for  non-condensing  conditions  at  that  time. 
It  carried  the  load  very  satisfactorily  with  120  lb.  at  the  turbine 
throttle  and  atmospheric  exhaust. 

The  entire  cost  of  the  installation  consisting  of  the  turbine, 
reduction  gears,  condenser,  piping,  circulating  pump,  etc.,  de¬ 
livered  and  erected,  approximated  $25  000. 

On  account  of  the  better  economy  of  the  turbine  it  has 
been  possible  to  operate  the  plant  on  about  300  boiler  horse 
power  less  than  was  formerly  the  case,  and  to  effect  a  saving 
of  approximately  $15  000  per  year  in  operation. 

DISCUSSION 

Mr.  Frank  E.  Leahy*:  Mr.  Berg’s  description  of  the 
first  steam  turbine  to  drive  a  mill  in  this  country  is  very  inter¬ 
esting.  As  this  and  the  one  abroad  briefly  referred  in  his 
paper  constitute  the  only  units  now  operating  in  this  service 
the  results  obtained  from  their  use  is  of  large  interest  to  steel 
mill  engineers  seeking  better  economy  in  mill  power. 

It  is  generally  recognized  that  the  turbine  is  a  flexible  form 
of  prime  mover  as  it  may  be  operated  on  live,  exhaust  steam  or 
both.  This  characteristic  is  of  great  advantage  in  securing 
better  overall  efficiency  from  existing  power  equipment.  For 
instance,  in  some  mills  a  number  of  simple  engines  still  in  very 
good  physical  condition  may  have  their  life  prolonged  even  if 
they  are  uneconomical  in  the  use  of  steam.  By  passing  the 
exhaust  steam  from  these  engines  through  a  low  pressure  tur¬ 
bine,  power  may  be  obtained  from  steam  formerly  lost  to  the 
atmosphere.  If  sufficient  steam  is  not  available  from  this  source 

•Assistant  Steam  and  Hydraulic  Engineer,  National  Tube  Company,  McKees¬ 
port,  Pa. 
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a  mixed  pressure  type  of  turbine  may  be  used  consuming  live 
steam  to  make  up  for  the  deficiency  in  exhaust  steam. 

At  the  present  time,  however,  the  one  point  of  uncertainty 
is  the  ability  of  the  high  speed  transmission  gear  to  successfully 
perform  its  duty  under  the  rather  severe  service  which  all  mill 
drives  must  withstand.  The  use  of  the  high  speed  transmission 
gear  cannot  be  avoided  owing  to  the  comparatively  low  speed 
of  the  mill  as  compared  to  that  of  the  turbine,  so  that  to  insure 
the  adoption  of  this  method  of  mill  drive  the  reliability  of  the 
gear  must  first  be  proved. 

Regulation  is  very  well  secured  when  the  speed  is  main¬ 
tained  within  2  percent  on  the  mill.  As  a  demonstration  of 
close  regulation  this  is  very  good,  but  with  any  form  of  prime 
mover  it  can  only  be  obtained  by  means  of  a  large  overload 
capacity,  and  reserve  power  supply.  The  reason  given  for  this 
close  regulation,  that  “it  is  desirable  to  keep  the  mill  operating 
at  as  constant  a  speed  as  possible,  as  this  results  in  bigger  pro¬ 
duction,”  may  be  true  from  one  point  of  view. 

The  same  results  could  be  obtained  by  raising  the  normal 
speed  of  the  mill  and  allowing  such  a  variation  in  speed  as 
necessary  to  enable  the  fly  wheel  to  supply  the  momentary 
energy  requirements.  This  would  result  in  a  more  even  de¬ 
mand  for  steam  and  a  better  all-around  power  condition.  The 
required  production  per  unit  of  time  would  be  obtained  by  the 
increase  in  speed.  A  prime  mover  of  a  smaller  size  and  less 
overload  capacity  could  then  be  used,  which  would  mean  better 
economy  during  regular  operation. 

The  field  for  the  turbine  drive  is  the  one  now  occupied  by 
the  motor  and  the  numerous  advantages  claimed  for  the  motor 
drive  as  to  the  economy  of  running,  improved  drive,  space,  etc., 
may  be  claimed  equally  as  well  for  the  turbine.  It  is  evident 
that  if  the  electric  power  is  generated  by  means  of  steam  driven 
units  the  motor  drive  cannot  compete  with  the  turbine  drive 
owing  to  the  added  cost  of  generating  equipment  and  its  inci¬ 
dental  losses  in  conversion  and  transmission. 

In  a  Blast  Furnace  and  Steel  Works  plant  where  full  ad¬ 
vantage  is  taken  of  the  blast  furnace  gas  the  problem  of  the 
selection  of  the  proper  prime  mover  is  usually  involved,  depend¬ 
ing  on  the  location,  present  equipment,  power  development 
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policy  of  the  plant  and  the  class  of  service  it  is  to  perform,  so 
that  everything  will  be  in  harmony  to  give  the  best  economy. 

In  making  a  comparison  between  different  types  of  drives 
we  must  work  to  the  coal  pile  and  charge  to  the  mill  prime 
mover  the  cost  of  all  equipment  or  part  thereof  that  is  neces¬ 
sary  for  its  operation.  For  the  purpose  of  a  general  com¬ 
parison  between  a  turbine  drive  and  a  motor  drive  consider  the 
case  of  the  power  equipment  for  a  new  plant  to  be  designed: 
First,  steam  boilers  and  steam  equipment;  second,  gas  engine, 
electric  generators  and  motor  drive.  Such  part  of  the  cost  of 
the  boilers  and  equipment,  or  gas  engine  generators,  that  are 
necessary  for  the  operation  of  the  mill  prime  movers  to  be 
charged  to  the  turbine  or  motor  drive. 

The  mill  to  have  the  following  dimensions:  Rated  horse 
power  of  prime  mover  2000,  average  horse  power  1100,  speed 
of  mill  60  r.  p.  m.,  product  to  be  finished  in  15  passes  and  mill 
to  be  in  operation  5500  hours  per  year. 

COST  OF  INSTALLATION 


Motor  Drive  Turbine  Drive 


2000  h.  p.  motor  installation  erected  complete  with 

controller,  etc .  $  37,000 

Gear  Transmission  .  15,000 

Gas  engine  generating  equipment  erected  complete  820.6  k.w. 

capacity  to  be  charged  to  motor  drive  at  $80.0  per  k.w.  65,648 
Turbine  with  double  gear  transmission,  condenser,  pumps 

erected  complete  .  $57,000 

Blast  furnace  gas  fired  boiler  equipment  erected  complete 

with  pumping  equipment  and  pipe  lines  at  $30  per  b.h.p.  18,000 

Total  cost  of  installations  .  $117,648  $75,000 


YEARLY  COST  OF  OPERATION 


Motor  Drive 

Turbine  Drive 

1100  h.p.  X  746  X  5500 
=  4  513  300  k.w.  Hours 
Allowing  5%  line  loss 

4  513  300  X  100 
- -  =  4  750  842 

1100  h.p.  X  13  X  5500 

730  X  30  ~ 

=  3591  b.h.p.  months. 

Allowing  15%  condensation. 

3591  X  100 

yD 

gtj  —  hMd  b.h.p.  months 

Electric  power  =  ■ - - — - - 

.  .  u-fi,  /v  ^u.wjo  per  k.w. 

Steam  for  turbine 

4225  X  $2.15  per  b.h.p.  month 

Steam  for  circulating 

pumps  375  X  $2.15  per  b.h.p.  month 

Repairs 

Oil  waste,  etc. 

Attendance  6240  hrs.  at  30c 

Total 

Fixed  Charges 

Depreciation 

Interest 

Taxes 

Insurance 


$17  103 


500 
100 
1  872 


$  9  084 


1 


$19  575 


806 

010 

220 

1  872 


$ 


Total  yearly  cost  of  Operation 


5  875 
5  882 
1  176 
353 


$12  992 

$  3  746 
3  750 
750 
225 


$32  861 


$21  463 
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EXPLANATION  OF  FIXED  CHARGES 

Depreciation  is  understood  as  the  amount  of  money  set 
aside  yearly,  which  compounded  at  an  accepted  rate  of  interest 
would  equal  the  original  investment  at  such  a  time  as  replace¬ 
ment  is  necessitated  through  obsolescence,  age  or  inadequacy. 
The  lifetime  of  each  installation  was  taken  at  15  years  and  the 
rate  of  interest  was  4  percent  compounded. 

Interest  on  the  investment  was  figured  at  5  percent. 

The  amount  of  taxes  chargeable  was  figured  at  1  percent. 

The  probable  insurance  premium  that  would  have  to  be 
paid  on  the  installation  was  figured  at  0.3  of  1  percent. 

From  the  comparison  between  the  motor  and  turbine  drive, 
it  shows  that  a  motor  drive  would  mean  an  investment  of 
$117  648  with  a  yearly  operating  cost  with  fixed  charges  in¬ 
cluded  of  $32  861;  and  the  turbine  drive  would  mean  an  in¬ 
vestment  of  $75  000  with  a  yearly  operating  cost  with  fixed 
charges  included  of  $21  463. 

The  above  figures  show  a  difference  of  $42  648  in  the  first 
cost  of  installation  and  $11  398  per  year  in  the  yearly  cost  of 
operation  in  favor  of  the  turbine. 

Mr.  J.  S.  Albert*  :  I  have  never  had  any  experience  with 
mill  drives,  but  I  know  something  about  engines.  I  do  not  quite 
understand  why  the  effective  fly  wheel  is  never  used.  I  would 
think  when  the  load  first  came  on  it  would  certainly  help  to 
carry  the  load  and  make  a  more  steady  operating  arrangement 
than  if  the  fly  wheel  is  not  used. 

The  Author  :  It  is  possible  there  is  some  advantage  gained 
from  the  fly  wheel,  but  the  fact  that  the  tachometer  on  the  600 
r.p.m.  shaft  shows  no  speed  fluctuation  would  indicate  that  it 
is  not  very  great.  Under  ordinary  circumstances  that  would  be 
considered  poor  practice.  It  must  be  remembered,  however, 
that  there  is  a  surplus  of  exhaust  steam  which  goes  to  the  atmos¬ 
phere  in  case  it  is  not  being  used,  and  the  purpose  of  making 
the  governor  quick  acting,  instead  of  sluggish,  is  to  take  ad¬ 
vantage  of  the  available  energy  rather  than  let  it  go  to  atmos¬ 
phere. 

•Resident  Engineer,  Southwark  Foundry  &  Machine  Co.,  Frick  Building,  Pitts¬ 
burgh. 
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Where  a  money  value  can  be  placed  on  the  exhaust  steam, 
the  eftect  of  the  liy  wheel  would  be  taken  advantage  of  down  to 
a  speed  reduction  of  say  10  percent. 

The  question  of  the  higher  first  cost  of  the  installation  to 
take  care  of  this  condition  was  1  believe  mentioned  by  Mr.  Leahy. 
It  costs  practically  no  more  to  make  the  turbine  capable  of  carry¬ 
ing  the  overload  without  help  from  the  fly  wheel,  as  all  the 
parts  must  be  made  heavy  enough  to  carry  the  overload,  which 
means  that  the  only  additional  cost  to  take  care  of  maximum 
conditions  without  the  help  of  the  fly  wheel  is  the  small  expense 
of  the  additional  nozzle  capacity. 

Mr.  J .  S.  Albert  :  Is  the  tachometer  reliable  enough  to 
measure  these  small  variations? 

The  Author  :  From  200  to  800  r.p.m  are  indicated  in  300 
degrees  of  a  4  inch  circle.  Very  close  readings  can  be  obtained. 

Mr.  J.  S.  Albert:  Isn’t  it  necessary  to  change  the  speed 
to  make  the  governor  work? 

The  Author:  Yes,  but  that  is  only  momentary.  It  is 
probable  that  some  slight  advantage  is  obtained  from  the  fly 
wheel  when  rolling  only  one  billet,  and  of  course  when  the  second 
billet  is  put  in  the  roll,  much  greater  advantage  is  obtained. 

Mr.  Jos.  Breslove:*  What  is  the  largest  turbine  driven 
reduction  gear  with  fixed  bearings  installed  to  date,  and  how 
long  has  it  been  in  service? 

Has  the  operation  of  the  reduction  gear  at  the  Calderbank 
Steel  Works,  Scotland,  been  successful? 

As  a  matter  of  interest,  the  first  application  of  a  high  speed 
reduction  gear  to  direct  mill  drive  was  carried  out  at  the  Calder¬ 
bank  Steel  Works,  Scotland.  A  750  k.w.  Parsons  type  mixed 
pressure  steam  turbine  operating  at  2000  r.p.m.  is  direct  coupled 
to  a  three  high  mill  with  rolls  28  in.  diameter  by  84  in.  long, 
through  two  gear  sets,  bringing  the  mill  shaft  speed  down  to 
70  r.p.m.  The  first  gear  set  has  a  reduction  from  2000  to  350 
r.p.m.,  and  the  second  set  from  375  r.p.m.  to  the  mill  shaft  speed 
of  70  r.p.m.  Flexible  couplings  are  fitted  between  the  turbine 

•Engineer,  Sales  Department,  Allis  Chalmers  Mfg.  Co.,  Frick  Building,  Pitts¬ 
burgh. 
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and  the  high  speed  pinion  shaft,  and  also  between  the  first  and 
second  reduction  gears.  The  low  speed  gear  is  keyed  directly 
onto  the  end  of  flywheel  shaft  which  carries  a  23  ft:,  100  ton 
flywheel  and  is  supported  between  two  heavy  bearings.  The 
main  pinion  of  the  mill  is  connected  to  the  flywheel  shaft, 
through  the  usual  type  of  wobbling  coupling.  Both  gear  sets 
are  arranged  in  castiron  gear  cases.  They  are  of  the  double 
helical  type  with  the  teeth  at  an  angle  of  23  deg.  with  the  axis 
of  the  shaft. 

This  installation  was  placed  in  service  Sept.,  1910.  The 
mill  is  used  in  reducing  slabs  4  in.  thick  to  sheets  about  -ft-  in-  in 
thickness.  Tests  made  in  the  mill  show  that  during  the  heaviest 
passes  power  was  being  used  up  at  the  rate  of  2500  h.p. 

The  installation  described  by  the  author  provides  for  all 
adjustable  back  pressure  valve  in  the  engine  exhaust  line.  The 
function  of  this  valve  is  to  always  keep  the  pressure  in  the 
exhaust  line  above  atmosphere.  The  inlet  pressure  on  the  low 
pressure  turbine  varies  with  the  load,  and  at  times  of  light  load 
the  pressure  in  the  engine  exhaust  line  would  be  lower  than 
atmosphere,  causing  an  infiltration  of  air  through  the  engine 
stuffing  boxes  and  exhaust  lines  if  they  are  not  tight,  thus  im¬ 
pairing  the  condenser  vacuum.  Furthermore,  since  the  pressure 
in  the  engine  exhaust  line  would  be  alternately  under  vacuum 
and  under  pressure  during  light  and  heavy  loads  respectively, 
it  is  often  difficult  to  keep  the  average  exhaust  line  tight.  How¬ 
ever,  with  the  back  pressure  valve  installed  ahead  of  the  turbine 
throttle  the  engine  will  be  operating  at  practically  constant  back 
pressure  up  to  a  certain  load,  so  that  during  light  loads  there  is 
a  certain  loss  due  to  this  method  of  operation.  ^There  the  load 
is  to  be  divided  between  the  engine  and  turbine  and  the  engine 
exhaust  line  has  been  properly  installed,  the  turbine  governor 
should  be  set  so  that  the  turbine  inlet  pressure  will  be  approxi¬ 
mately  the  same  as  that  of  the  engine  exhaust.  The  most  eco¬ 
nomical  operation  will  take  place  under  these  conditions. 

The  Author:  The  largest  turbine  driven  reduction  gear 
with  fixed  bearings  I  know  of,  that  has  been  installed  to  date, 
is  a  4000  k.w.  direct  current  turbine  generator.  I  do  not  know 
how  long  this  has  been  in  service,  as  I  have  not  had  a  very  ac- 
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curate  description  of  it.  However,  I  know  of  a  1500  k.w.  direct 
current  geared  generator  that  lias  been  in  operation  for  about 
two  years  and  a  half. 

I  inspected  the  Calderbank  installation  about  two  years 
ago  and  an  examination  of  the  gears  and  pinion  showed  they 
were  in  excellent  condition  with  apparently  no  wear. 

Mr.  W.  P.  Chandler  I  would  like  to  ask  Mr.  Berg  about 
how  long  the  l^lief  valve  is  open  in  the  low  pressure  steam  line 
to  the  turbine.  1  ou  say  the  supply  of  low  pressure  steam  is 
practically  unlimited,  so  that  you  do  not  have  to  make  use  of 
the  fly  wheel  to  take  up  ordinary  peak  loads.  This  means  that 
you  must  be  wasting  low  pressure  steam  through  your  relief 
valve  a  great  deal  of  the  time. 

The  Author:  Up  to  350  or  375  h.p.  there  is  more  exhaust 
steam  available  than  we  are  using.  The  relief  valve  to  the 
atmosphere  is  ordinarily  open  except  when  there  is  a  sudden 
overload  caused  by  entering  the  second  billet. 

Mr.  H.  C.  CRONEMEYER:t  Is  the  operation  of  the  mill  con¬ 
tinuous  ?  I  should  think  that  there  would  be  a  shortage  of  low 
pressure  steam  after  a  pause  in  the  rolling  operation,  when  steel 
is  in  the  turbine  driven  roughing  rolls,  but  when  the  engine 
driving  the  finishing  rolls  is  running  idle.  Does  the  turbine  work 
at  high  pressure  steam  at  such  times  ? 

The  Author  :  The  operation  of  the  mill  is  continuous  and 
there  is  a  shortage  of  exhaust  steam  when  starting  and  before 
the  first  piece  has  reached  the  finishing  mill.  That  is  the  pur¬ 
pose  of  connecting  this  system  to  the  general  exhaust  steam 
system.  As  stated,  there  are  a  number  of  very  uneconomical 
auxiliaries  in  the  pump  house,  with  part  of  their  exhaust  going 
to  the  atmosphere  the  greater  part  of  the  time.  The  feed  water 
is  heated  to  a  temperature  of  210  deg.  Fahr. 

The  purpose  of  carrying  a  full  size  line  from  the  compound 
engine  down  to  the  circulating  pump  was  to  make  available  for 
use  in  the  turbine  driving  the  mill  as  much  exhaust  steam  as 
possible.  This  connection  has  not  yet  been  made,  and  it  is  now 
necessary  to  use  high  pressure  steam  when  starting. 

•Steam  Engineer,  Clairton  Works,  Carnegie  Steel  Company,  Clairton,  Pa 
yEfficiency  Engineer,  Jones  &  Laughlin  Steel  Co.,  Aliquippa,  Pa. 
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Mr.  H.  C.  Cronemeyer  :  The  .finishing  mill  is  piped  to 
run  either  condensing  or  noncondensing.  Have  arrangements 
been  made  to  alter  the  exhaust  valve  setting  for  such  changes  of 
operating  conditions'? 

The  Author:  The  valve  setting  on  the  compound  engine 
would  have  to  be  changed  in  case  the  finishing  mill  engine  were 
run  condensing.  Since  the  installation  was  made  it  has  not  been 
necessary  to  run  the  finishing  mill  engine  condensing. 

Mr.  Snyder  :  Does  the  cross  compound  engine  use  any  more 
steam  now  than  it  did  before  ?  I  was  talking  with  the  manager 
down  there  and  he  said  to  me  { 1  The  installation  of  this  turbine 
is  a  great  improvement.  I  find  we  have  more  area  under  our 
curve  on  the  cross  compound  engine  than  we  did  before.  I 
just  want  to  ask  how  he  got  his  larger  area. 

The  Author  :  The  finishing  mill  engine  uses  more  steam 
than  it  did  formerly,  as  it  is  now  running  non-condensing, 
whereas  before  it  ran  condensing.  The  big  saving  in  steam 
comes  from  the  fact  that  the  steam  is  expanded  down  to  28  or 
28^4  in-  vacuum  instead  of  to  18  in.  as  was  formerly  the  case. 
The  saving  is  indicated  by  the  fact  that  they  operate  now  on 
300  b.h.p.  less  than  was  formerly  the  case. 

Mr.  Lloyd  Jones*  :  If  I  understood  the  speaker  he  stated 
that  when  rolling  one  bar  of  soft  steel  there  was  a  surplus  of  low 
pressure  steam,  as  about  of  if  was  exhausted  into  the  air, 
and  if  they  rolled  two  bars  of  soft  steel  in  the  mill,  all  the  low 
pressure  steam  was  used  and  occasionally  some  high  pressure 
steam  admitted.  When  rolling  billets  of  hard  steel,  they  rolled 
only  one  billet  at  a  time.  Is  that  correct  ?  Could  they  roll  two 
billets  of  hard  steel  in  the  mill  at  the  same  time,  and  if  so  would 
it  ibe  necessary  to  admit  high  pressure  steam  to  the  turbine  con¬ 
tinuously  ? 

The  Author:  Yes?  they  roll  one  billet  at  a  time.  They 
could  roll  two  bars  of  the  high  carbon  steel  at  the  same  time 
if  the  capacity  of  the  finishing  mill  were  great  enough  to  take 
care  of  it.  When  rolling  high  carbon  steel  the  finishing  mill 

♦Assistant  Chief  Engineer,  United  Engineering  &  Foundry  Co.,  Fanners  Bank 
Building,  Pittsburgh. 


DISCUSSION - STEAM  TURBINE  MILL  DRIVE  799 

engine  has  to  run  slower,  which  of  course  puts  a  limit  on  the 
amount  of  steel  the  roughing  mill  engine  can  roll. 

Mr.  A.  G.  Ahrens*  :  I  have  listened  with  pleasure  to  Mr. 
Berg’s  paper,  and  I  wish  to  express  my  thanks  for  the  oppor¬ 
tunity  to  hear  it. 

I  have  just  been  reviewing  in  my  mind  Mr.  Berg’s  descrip¬ 
tion  from  an  electrical  engineer’s  standpoint,  and  there  are  one 
or  two  points  in  my  analysis  that  may  be  of  interest. 

This  is  a  small  mill.  And  in  the  consideration  of  motor 
drive,  it  was  necessary  to  include  a  generator.  Mr.  Berg  inti¬ 
mates  that  a  generator  just  large  enough  to  drive  the  motor 
and,  in  turn,  the  mill,  was  considered.  If  the  mill  were  larger, 
or  if  there  were  use  for  additional  electric  power  for  driving 
cranes,  mill  tables,  shears,  machine  tools,  etc.,  a  larger  generator 
could  be  installed  to  advantage.  And  the  over-all  economy  of 
the  installation  and  first  cost  would  have  been  more  favorable 
to  the  motor  drive. 

It  seems  to  me  that  Central  Station  power  might  have  in¬ 
duced  favorable  consideration  for  motor  drive.  This  sort  of  load 
is  becoming  recognized  as  very  desirable  by  most  Central  Station 
Companies,  and  they  are  using  every  effort  in  soliciting  same. 
It  may  be  of  interest  to  know  that  the  Painter  Mills,  on  the 
South  Side,  are  now  operating  four  500  h.p.  motors  on  central 
station  power,  and  will  soon  put  into  operation  two  500  h.p.  and 
two  800  h.p.  additional  motors.  Does  Mr.  Berg  know  whether 
central  station  power  was  considered? 

A  big  advantage  of  motor  drive  is  the  elimination  of  isolated 
steam  generating  stations,  which  are  necessary  in  large  plants 
to  avoid  an  expensive  and  wasteful  steam  distributing  system. 
In  this  case,  I  understand  this  is  the  only  mill  in  the  plant,  or 
at  least  the  only  mill  whose  drive  was  taken  into  consideration. 

With  motor  drive,  very  effective  use  of  the  fly  wheel  now 
installed  could  be  made.  I  understand  from  Mr.  Berg  that  there 
are  some  reasons  why  best  use  is  not  made  of  the  fly  wheel  effect 
available  in  the  drive,  and  which  was  part  of  the  old  recipro¬ 
cating  engine  equipment. 

‘Engineer,  Industrial  and  Power  Department,  Westinghouse  Electric  &  Mfg.  Co., 
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I  would  like  to  ask  Mr.  Berg  if  he  can  give  us  approximately 
the  percentage  efficiency  from  the  mill  shaft  back  over  the  tur¬ 
bine.  Also,  when  was  the  equipment  put  into  operation? 

The  Author  :  The  installation  was  put  in  operation  some 
time  in  June.  I  do  not  know  whether  Central  Station  power  was 
considered,  but  with  the  conditions  existing  doubt  that  it  would 
have  been  possible  to  show  the  desirability  of  buying  power.  I 
do  not  understand  exactly  what  you  mean  by  efficiency  from 
the  mill  shaft  back  to  the  turbine.  I  can  give  you  the  thermal 
efficiency  if  that  is  what  you  refer  to. 

Mr.  A.  G.  Ahrens:  No,  in  regard  to  the  percentage  of 
power  used. 

The  Author:  It  would  seem  the  only  answer  to  your 
question  would  be  to  give  the  thermal  efficiency  of  the  turbine 
including  the  gears.  This  would  be  approximately  56  percent 
when  running  under  low  pressure  conditions. 

In  this  case  we  of  course  were  able  to  show  considerably 
greater  saving  iby  the  installation  of  the  turbine  geared  direct 
to  the  mill  than  with  the  installation  of  a  low  pressure  turbine 
generator. 

In  other  cases,  however,  where  a  commercial  value  can  be 
placed  on  the  excess  exhaust  steam,  and  where  additional  power 
can  be  used  in  the  mill,  the  saving  would  not  be  so  great.  Each 
particular  installation  has  to  be  figured  on  its  merits  and  it  is 
practically  impossible  to  make  a  general  statement  which  will 
fit  all  conditions. 

Mr.  George  H.  Danforth:  What  is  the  material  rolled 
on  this  mill  used  for  chiefly? 

The  Author  :  The  material  rolled  by  this  mill  is  used  for 
safety  razor  blades,  automobile  parts,  projectiles,  etc. 

Mr.  Frank  E.  Leahy:  The  remark  made  in  Mr.  Berg’s 
paper  that  ‘ There  is  an  ample  supply  of  exhaust  steam  which 
goes  to  the  atmosphere  if  it  is  not  used  in  the  turbine”  suggests 
to  me  that  a  possible  means  of  securing  better  economy  would 
be  to  consider  “bleeding  the  receiver”  for  steam  to  supply  the 
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turbine  and  run  the  finishing  mill  engine  condensing.  As  every 
pound  of  steam  exhausted  to  the  atmosphere  is  equivalent  to  so 
much  coal  lost,  every  means  should  be  taken  to  avoid  this  loss, 
especially  in  a  district  where  coal  is  so  expensive. 

The  Author:  The  suggestion  of  taking  the  supply  of 
steam  from  the  receiver  of  the  compound  engine  running  the 
engine  condensing  and  the  turbine  also  condensing  might  'be 
worked  out.  However,  this  would  complicate  the  installation 
somewhat  and  we  hardly  believe  on  this  size  it  would  wrork  ad¬ 
vantageously. 

Mr.  J.  A.  Hunter:*  Would  it  not  have  been  possible  to 
have  carried  the  vacuum  back  through  the  turbine  so  as  to  get 
some  benefit  in  the  engine,  and  operate  at  an  initial  pressure 
below  atmosphere  in  the  turbine  and  thereby  increase  the  econ¬ 
omy  of  the  combined  unit  ? 

The  Author:  The  only  trouble  I  would  see  to  Mr.  Hun¬ 
ter’s  suggestion  would  be  in  the  matter  of  governing  the  turbine. 
The  design  of  the  governor  to  operate  under  variable  loads  with 
variable  vacuum  might  offer  some  difficulty. 

A  Member  :  That  condition  has  been  worked  out  and  is 
ibeing  used  in  practice  in  several  cases.  But  the  great  trouble 
is  not  governor  regulation  but  that  the  exhaust  lines  from  the 
engines  are  partly  under  vacuum  at  times  and  partly  under 
pressure  at  other  times.  The  governor  proposition  has  been 
worked  out  nicely,  but  the  difficulties  are  more  in  practical  oper¬ 
ation.  T  he  situation  is  not  at  all  impossible  if  the  turbine  is 
right  next  door  to  the  engine,  so  to  speak. 

The  Author  :  The  turbine  in  this  case  is  approximately 
50  ft.  from  the  engine. 

It  would  have  been  very  interesting  if  Mr.  Leahy  had  in¬ 
cluded  in  his  comparison  the  figures  for  a  compound  engine 
besides  those  for  electric  motor  and  turbine  drive. 

Mr.  Frank  E.  Leahy  :  1  have  no  figures  to  present  for 

such  a  comparison,  but  I  think  a  compound  condensing  engine 

•Mechanical  Engineer,  American  Sheet  &  Tin  Plate  Company,  Frick  Build¬ 
ing,  Pittsburgh. 
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in  this  case  would  not  show  to  advantage  because  of  the  increas¬ 
ed  maintenance  charges,  as  compared  to  a  turbine,  and  its  in¬ 
ability  to  give  good  steam  economy  on  fluctuating  loads. 

The  Author:  That  was  the  main  trouble  on  this  par¬ 
ticular  installation.  With  a  normal  load  of  250  or  300  h.p.  and 
a  maximum  load  of  only  350  h.p.  for  low  pressure  steam  and 
600  h.p.  for  high  pressure  steam,  the  economy  of  a  compound 
engine  did  not  compare  very  unfavorably  with  the  turbine. 

Mr.  A.  G.  Ahrens:  I  do  not  remember  what  figures  the 
previous  speaker  used  for  depreciation  on  motor  drive,  but  it 
may  be  of  interest  to  know  that  the  Westinghouse  Company 
have  installed  some  motor  drives  on  main  rolls,  on  which  the 
maintenance  costs  are  astonishingly  low.  I  have  in  mind  two 
1500  h.p.  motors  installed  on  re-rolling  mill  at  Edgar  Thomson 
Works.  The  motors  have  been  installed  over  eight  years,  and 
the  only  maintenance  has  been  renewal  of  brushes.  I  have  this 
information  from  a  reliable  source.  In  eight  years  the  main¬ 
tenance  charges  have  only  amounted  to  a  few  dollars.  This  is 
an  exceptional  case,  of  course,  but  I  find  that  a  great  many 
people  have  the  impression  that  a  motor  is  a  delicate  piece  of 
apparatus.  It  should  be  noted  also  that  a  motor  has  advantages 
that  are  not  apparent  in  a  discussion  of  maintenance  figures. 
But  this  is  not  the  time  to  go  into  them. 

Referring  to  the  first  part  of  the  discussion  this  evening,  1 
would  like  to  point  out  in  regard  to  the  use  of  the  fly  wheel 
effect  in  a  drive,  that  motor  drive  is  very  advantageous.  Did 
I  understand  Mr.  Berg  to  say  the  mill  has  two  roll  speeds  ? 

The  Author:  The  turbine  will  operate  at  any  speed  be¬ 
tween  70  and  100  r.p.m. 

Mr.  Frank  E.  Leahy  :  The  figures  used  in  the  cost  of 
motor  drive  were  taken  with  some  slight  modifications  from  a 
paper  read  before  the  Association  of  Iron  and  Steel  Electrical 
Engineers  by  Mr.  Brent  Wiley,  and  printed  in  their  1913  Pro¬ 
ceedings.  The  figures  on  maintenance  quoted  by  Mr.  Wiley 
appear  conservative. 
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The  Author:  I  think  that  is  a  very  good  point.  I  might 
refer  to  a  letter  I  received  several  days  ago  from  a  man  who 
operated  a  De  Laval  turbine  driving  a  generator  for  seven  years. 
He  stated  that  he  had  not  spent  five  cents  for  repairs  in  that 
time.  That  of  course  is  an  exceptional  condition  and  I  believe 
Mr.  Leahy’s  figures  are  more  representative  of  actual  practice 
than  the  figures  the  former  speaker  gave  or  the  figures  given  in 
the  letter  just  quoted. 


TEST  OF  LARGE  REVERSING  ENGINE 

AND  ROLLING  MILL 


By  Karl  Nibecker* 


[This  paper  with  numerous  discussions  was  published  in  the  July, 
1914,  issue  of  the  Proceedings  of  the  Society.  Additional  discussion,  if 
received,  will  be  published  in  a  succeeding  issue.] 

Mr.  Charles  Fitzgerald,  jR.t :  In  further  reply  to  Messrs. 
Nibecker  and  Trinks  on  the  subject  of  friction  load  of  the  bloom¬ 
ing  mill  engine  at  the  Youngstown  Sheet  &  Tube  Co.  I  would 
like  to  call  attention  to  a  few  real  facts  and  figures  before  the 
erroneous  value  of  9.8  percent  has  received  any  wider  circula¬ 
tion.  In  reference  to  the  discussion  of  both  gentlemen,  it  must 
be  admitted  that  the  fact  that  it  has  modern  features,  does  not 
affect  materially  the  results  of  calculations  on  the  test  data  of 
the  Youngstown  engine.  The  tendency  in  this  discussion  has 
been  to  force  the  acceptance  of  an  absurdly  low  value  in  spite 
of  a  large  number  of  very  definite  figures  to  the  contrary. 

From  an  inspection  of  the  tables  in  Mr.  Nibecker ’s  paper 
the  following  may  be  observed: 


Friction  Load 


Test  Number 
16 
15 
7 
9 


9.8% 

16.4 

17.8 

19.0 


Test  No.  9  was  calculated  by  Prof.  Trinks  and  in  spite  of 
the  evidence  furnished  by  his  own  calculation,  in  addition  to 
that  furnished  by  Tests  No.  15  and  7,  the  professor  seems  to 
unduly  favor  the  low  value  from  Test  No.  16. 

The  friction  load  of  any  engine  is  dependent  upon  two 
factors :  The  efficiency  of  oiling  system  and  the  weight  of  mov¬ 
ing  parts.  If  the  Youngstown  engine  be  modern  in  respect  to 

♦Steam  Engineer,  Youngstown  Sheet  &  Tube  Company,  Youngstown,  Ohio. 
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the  former,  which  will  readily  be  admitted,  it  is  decidedly  an* 
tiquated  in  respect  to  the  latter,  since  the  weight  of  its  moving 
parts  is  from  35  to  /0  tons  greater  than  in  similar  engines,  which 
have  been  designated  by  Messrs.  Nibecker  and  Trinks  as  “not 
modern  ’  \ 

All  the  evidence  would,  therefore,  seem  to  point  to  the  fact 
that  an  error  must  have  been  made  in  arriving  at  the  value  of 
9.8  percent  and  such  is  the  case.  The  friction  work  for  Test 
No.  16  was  considered  only  for  that  part  of  the  time  during 
which  the  cylinder  effort  was  positive,  ignoring  completely  the 
friction  work  during  the  remainder  of  each  reversal  period, 
which  is  just  as  much  a  part  of  the  total  loss.  All  other  tests, 
quoted  by  Mr.  Nibecker  as  having  friction  losses  of  from  14  to 
25  percent  and  Tests  No.  15,  7  and  9  were  calculated  for  the 
total  friction,  so  in  order  to  be  comparative,  Test  No.  36  must 
also  be  calculated  in  this  manner,  giving  a  result  of  16  percent. 
The  average  of  the  four  tests  then  becomes  17.3  percent,  which 
may  be  considered  a  just  figure  for  the  engine,  or  76.5  percent 
greater  than  the  value  of  9.8  percent.  Considering  the  verv 
heavy  moving  parts  of  the  engine,  the  value  of  17.3  percent 
demonstrates  the  presence  of  a  good  oiling  system  without  the 
necessity  of  being  cut  nearly  in  half  by  means  of  a  deviation 
from  the  form  of  calculation  which  had  been  adopted  for  the 
test  by  all  interested,  and  which  had  been  used  on  all  similar 
tests  from  which  comparative  figures  were  quoted. 

Since  the  Brier  Hill  engine  was  mentioned  by  Mr.  Nibecker. 
in  this  connection,  it  may  be  noted  that  in  view  of  the  much 
lighter  moving  parts  and  Walchaert  valve  gear,  the  friction 
value  of  13  percent  for  this  engine  is  quite  consistent  with  a 
value  of  17.3  percent  for  the  Youngstown  engine. 

Mr.  Karl  Nibecker*:  In  reply  to  Mr.  Fitzgerald’s  further 
discussion  of  paper  upon  “Test  of  Large  Reversing  Engine  and 
Rolling  Mill  with  especial  reference  to  value  of  friction  load 
as  reported,  I  wish  to  call  attention  to  several  facts. 

The  real  measure  of  the  operation  of  the  engine  and  mill  is 
shown  in  Table  No.  5,  page  561  and  in  Fig.  30,  page  590,  Vol. 
30,  No.  6  (1914)  of  the  Proceedings.  The  thing  that  vitally 

•Authors  Closure. 
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interests  the  practically  operating  engine  and  producing  depart¬ 
ment  is  the  amount  of  steam  required  to  roll  a  ton  of  steel. 
These  quantities  are  given  in  the  above  table  and  figure.  At  the 
bottom  of  page  590  will  also  be  found  some  figures  as  to  the 
amount  of  steam  actually  used  by  this  mill  over  a  considerable 
length  of  time.  It,  therefore,  does  not  seem  especially  perti¬ 
nent  to  discuss  and  question  at  such  great  length  the  matter  of 
friction  load. 

Due  to  the  methods  of  calculating  the  distribution  of  work, 
the  fact  of  increasing  the  percent  used  by  friction  will  reduce 
the  percentage  of  power  required  to  roll  the  steel.  As  the 
friction  work  is  small  in  comparison  with  the  rolling  work,  the 
change  in  friction  work  is  a  much  larger  percentage  than  the 
corresponding  change  in  work  required  to  deform  the  steel. 
Therefore,  the  figure  of  76.5,  as  mentioned  by  Mr.  Fitzgerald 
is  in  reality  only  76.5  percent  of  9.8  percent,  or  7.5  percent  of 
the  total  work.  This  figure  of  76.5,  as  given,  is  therefore  some¬ 
what  misleading. 

As  regards  correcting  the  friction  work  of  Test  No.  16  to 
correspond  with  the  methods  used  by  Mr.  Fitzgerald,  I  would 
call  attention  to  the  fact  that  the  figure  of  16  percent,  as  given 
by  Mr.  Fitzgerald  is  not  correct.  This  figure  should  be  15.57 
percent. 

In  the  tabulation  given  by  Mr.  Fitzgerald  of  various  fric¬ 
tion  loads  obtained  from  the  several  sets  of  indicator  cards,  it 
is  unfortunate  that  Mr.  Fitzgerald  has  neglected  to  include  the 
figure  of  13.8  percent  friction  as  obtained  by  Mr.  Coryell  from 
the  set  of  indicator  cards  which  he  calculated  from  the 
Youngstown  Sheet  and  Tube  Company  engine.  If  this  number 
of  13.8  percent  obtained  by  Mr.  Coryell,  which  was  calculated 
by  the  method  which  Mr.  Fitzgerald  advocates,  is  inserted  and 
Test  No.  16  is  properly  corrected  to  15.57  percent,  the  average 
becomes  16.51  percent  and  not  17.3  percent,  as  given  by  Mr. 
Fitzgerald.  Thus  the  difference  in  percentage  of  friction  above 
9.8  becomes  68.4  and  not  76.5,  as  mentioned  by  him.  In  case 
this  is  figured  as  the  percentage  which  the  9.8  given  by  us  is 
low,  the  number  becomes  40.6  percent  instead  of  76.5  percent, 
which  does  not  look  as  appallingly  large  as  the  latter  figure. 
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1  he  question  of  the  method  of  calculating  the  friction  work 
of  such  an  engine  further  emphasizes  the  necessity  of  a  suitable 
commission  to  standardize  such  matters. 

In  defense  of  the  method  used  in  calculating  Test  No.  16, 
we  beg  to  offer  the  following  facts.  The  friction  work  over 
the  time  when  the  engine  is  doing  negative  work,  i.  e.  when 
the  engine  is  being  stopped,  is  tending  to  aid  the  retardation, 
or  is  a  decided  advantage.  The  ideal  thing,  therefore,  would 
be  to  have  an  engine  with  as  low  friction  as  possible  during  the 
time  of  acceleration  and  as  high  a  friction  as  possible  during  the 
time  of  retardation.  This,  of  course,  is  manifestly  mechanical¬ 
ly  impossible.  Therefore,  since  the  friction  during  the  time  of 
retardation  is  an  advantage,  we  are  at  a  loss  to  see  why  this 
quantity  should  be  included.  It  will  thus  be  seen  that  it  is 
necessary  for  the  engine  to  develop  enough  excess  power  to 
overcome  the  friction  during  the  acceleration  period,  but  not 
during  the  retardation  period.  Our  method,  therefore,  is  to 
include  only  the  friction  during  the  time  of  acceleration  and  to 
figure  this  friction  only  as  the  percentage  of  friction. 

In  methods  used  by  Mr.  Fitzgerald,  it  would  seem  that  in 
order  to  be  perfectly  fair,  if  the  friction  during  the  time  of 
retardation  is  added  as  friction  work,  that  this  friction  should 
also  be  added  to  the  negative  work,  as  it  would  have  the  effect 
of  increasing  the  negative  work  area,  although  it  would  not  ap-  - 
pear  on  the  M.  E.  P.  diagram,  as  it  is  assisting  in  retarding 
the  engine. 

As  regards  Mr.  Fitzgerald’s  reference  to  the  Brier  Hill 
Engine  having  a  friction  load  of  13  percent,  being  quite  con¬ 
sistent  with  the  value  of  17.3,  which  he  figured  for  the  Youngs¬ 
town  engine,  when  the  difference  in  weight  of  moving  parts  is 
considered,  we  would  call  attention  to  the  fact  that  Mr.  Coryell, 
who  made  the  test  of  the  Brier  Hill  engine,  obtained  13.8  as 
the  friction  value  of  the  Youngstown  Sheet  and  Tube  engine. 

In  order,  therefore,  to  be  absolutely  certain  of  making  the  com¬ 
parison  upon  the  fairest  basis,  we  suggest  the  comparison  of 
the  percentage  of  friction  of  the  Brier  Hill  engine  and  of  the 
Sheet  and  Tube  engine  from  the  figures  as  calculated  by  Mr. 
Coryell  for  the  two  engines.  For  the  Brier  Hill  engine  he 
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obtained  a  value  of  13  percent  and  for  the  Youngstown  Sheet 
and  Tube  engine,  a  value  of  13.8  percent.  As  these  were  both 
calculated  by  absolutely  the  same  methods  and  by  the  same 
person,  they  are  certainly  comparable  in  every  way,  and  it  would 
seem  as  though  it  is  highly  probable  that  the  friction  work  of 
the  Youngstown  Sheet  and  Tube  engine  might  be  in  the  neigh¬ 
borhood  of  14  percent,  when  figured  by  the  very  methods  which 
Mr.  Fitzgerald  advocates,  as  these  are  the  ones  used  for  this 
calculation  by  Mr.  Coryell.  We,  however,  beg  to  defend  our 
calculation  in  that  if  the  value  of  13.8  percent,  as  submitted  by 
Mr.  Coryell  is  reduced  to  the  methods  used  for  Test  No.  16, 
the  percentage  of  friction  would  probably  be  in  the  neighbor¬ 
hood  of  9.5  percent,  which  certainly  checks  the  value  of  9.8, 
as  calculated  by  us. 


MAGNOLIA  CUT-OFF  IMPROVEMENT 
ON  1  HE  BALTIMORE  AND 
OHIO  RAILROAD 


By  A.  W.  Thompson.* 


INTRODUCTION 

When  asked  by  your  President  and  Secretary  to  come  here 
and  tell  you  something  about  the  Magnolia  Cut-Off  Improvement 
now  under  construction  on  the  Baltimore  and  Ohio  Railroad,  it 
occurred  to  me  that  it  would  probably  be  interesting  to  you  for 
me  to  preface  my  paper  with  a  brief  history  of  the  develop¬ 
ment  of  the  Baltimore  and  Ohio  Railroad,  including  an  account 
of  the  early  surveys  and  construction  of  the  road,  the  increased 
business  and  consequent  demands  which  necessitated  this  im¬ 
provement  at  a  time  when  expenditures  on  railroads  were 
generally,  being  curtailed. 

The  necessarily  limited  time  in  which  to  present  such  a 
great  engineering  as  well  as  interesting  operating  problem. 

prevents  a  full  discussion  of  details,  such  as  some  would  care  to 

hear. 

If  any  of  the  members  of  this  Society,  or  others  desire 
additional  information,  our  Chief  Engineer,  Mr.  P.  L.  Stuart. 
"iH  be  glacl  t0  delegate  a  representative  to  accompany  them  over 
the  improvement,  or  will  furnish  the  information  by  letter. 


EARLY  HISTORY  AND  DEVELOPMENT  OF  THE 
BALTIMORE  AND  OHIO  RAILROAD 

ORIGIN  OF  THE  COMPANY 


In  looking  for  the  origin  of  the  Baltimore  and  Ohio — which 
was  one  of  the  first  railroads,  if  not  the  first,  operated  in  this 
country— we  must  go  back  as  far  as  1826.  About  that  time 

Rtt  PB  t  lflll  i  ^  X 1.  1*  j  <  l  >  .  1  « 
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attention  was  aroused  to  the  fact  that  the  development  of  roads 

_  A.  ^  T  _  « 
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and  canals  in  Pennsylvania  and  New  York  had  diverted  from 
Baltimore  a  large  portion  of  the  trade  she  had  built  up  in  the 
West.  It  is  a  well  known  fact  that  long  before  the  steamboat 
ploughed  its  wake  across  Lake  Erie  or  even  before  a  stage  route 
existed  between  Buffalo  and  the  Mississippi  Valley,  emigration 
and  traffic  had  marked  a  path  across  the  mountains  from  Phila¬ 
delphia  and  Baltimore  to  Cincinnati  and  beyond.  To  Balti¬ 
more,  especially,  this  trade  became  an  important  factor  in  the 
prosperity  and  wealth  of  the  community;  but,  when  the  Alle¬ 
ghenies  were  turned  by  the  long  circuit  via  the  lake  route, 
Baltimore  lost  a  large  portion  of  that  commerce  which  Phila¬ 
delphia  and  New  York  found  and  enjoyed.  In  1826,  Philip  E. 
Thomas,  a  Quaker  merchant  philanthropist  and  president  of 
the  Mechanics  Bank  of  Baltimore,  and  George  Brown,  son  of 
the  distinguished  merchant  Alexander  Brown,  a  director  in  the 
same  banking  institution,  took  up  the  subject  for  careful  con¬ 
sideration.  The  result  of  their  conferences  and  deliberations 
was  the  conviction  that  unless  early  and  adequate  means  could 
be  devised  to  recover  this  trade  it  would  be  ultimately  lost  to 
their  city  forever. 

The  proposed  Chesapeake  and  Ohio  Canal  had  been  gen¬ 
erally  looked  to  by  the  citizens  of  Baltimore  as  the  readiest 
avenue  to  the  recovery  of  their  receding  vantage  ground;  but 
that  hope  failed  them  in  July,  1826,  upon  the  publication  of 
the  estimate  of  its  probable  cost  and  the  formidable  difficulties 
which  lay  in  its  path  because  of  the  scarcity  of  water  and  the 
high  elevations  over  which  it  must  be  carried.  The  citizens 
became  satisfied  that  the  canal  would  be  of  no  practical  ad¬ 
vantage  to  Baltimore  for  the  transportation  of  passengers  and 
merchandise  to  and  from  the  West.  Philip  E.  Thomas,  earnestly 
leading  in  this  expression  of  sentiment,  at  once  resigned  the 
position  he  then  held  as  a  commissioner  on  the  part  of  Mary¬ 
land  in  the  Chesapeake  and  Ohio  Canal  Company,  and  from 
that  time  he  and  his  associate,  George  Brown,  devoted  their 

entire  energies  to  the  formation  of  the  Baltimore  and  Ohio 

/ 

Railroad  Company. 

The  bold  creative  enterprise  of  these  men  will  be  more 
appreciated  when  it  is  remembered  that  previously,  no  railroad 
had  been  constructed  either  in  Europe  or  America  for  the  con- 


THOMPSON — MAGNOLIA  CUT-OFF  ON  B.  &  O.  K.  R. 


811 


veyance  oi‘  passengers  and  merchandise  between  distant  points. 
A  lew  railroads  were  operated  in  England  for  local  purposes, 
such  as  the  transportation  of  coal,  iron  and  other  heavy  articles 
from  the  mines  or  places  of  production  to  navigable  waters ;  but 
for  the  purposes  of  travel  and  trade  they  were  still  untried, 
and  so  meager  was  public  information  on  the  subject  that  the 
question  had  not  been  settled  whether  stationary  steam  engines 
or  horses  would  be  preferable  as  motive  power. 

Philip  L.  Thomas  and  George  Brown,  having  collected  and 
carefully  studied  the  available  information  in  regard  to  rail- 
load  enterprises  in  England  as  obtained  from  friends  residing 
abroad,  became  fully  convinced  that  the  future  commercial 
piosperit}  of  Baltimore  depended  on  the  early  completion  of 
a  railroad,  which  they  foresaw  could  be  constructed  to  connect 
Chesapeake  Bay  with  the  western  waters.  Accordingly,  they 
invited  about  twenty-five  influential  merchants  and  capitalists 
of  Baltimore  to  meet  them  on  February  12,  1827,  to  con¬ 

sider  the  best  means  of  restoring  to  Baltimore  that  portion  of 
the  western  trade  which  had  been  diverted  from  it.  Before 
these  men  were  laid  intelligent  data  on  the  subject  of 
railroads  clearly  establishing  their  superiority  over  any 
other  mode  of  conveyance.  A  committee  was  appointed 
to  report  its  opinion  thereon  and  to  recommend  such  a  course  as 
might  be  deemed  proper  to  pursue.  The  meeting  adjourned 
till  the  following  Monday,  when  a  report  was  presented  by 
Chairman  Thomas  for  the  Committee.  It  was  an  able  docu¬ 
ment  which,  today,  in  view  of  the  wonderful  fulfillment  of  its 
confident  anticipations,  may  be  looked  upon  almost  in  the  light 
of  prophecy.  In  tribute  to  the  far-seeing  sagacity  and  prac¬ 
tical  wisdom  of  its  author,  a  few  extracts  will  be  given. 

After  covering  the  question  of  Baltimore’s  declining  trade, 
the  report  proceeds  to  say: 

Bnt  important  as  this  trade  is  to  Baltimore,  it  is  certainly  of 
minor  consideration  when  compared  to  the  immense  commerce  which 
lies  within  our  grasp  to  the  West,  provided  we  have  the  enterprise  to 
profit  by  the  advantages  which  our  local  situation  gives  us  in  reference 
to  that  trade.  Baltimore  lies  200  miles  nearer  to  the  navigable  waters 
of  the  West  than  New  York  and  about  100  miles  nearer  to  them  than 
hiladelphia,  to  which  may  be  added  the  important  fact,  that  the  easiest 
and  by  far  the  most  practicable  route  through  the  ridges  of  the  moun- 
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tains  which  divide  the  Atlantic  from  the  western  waters,  is  along  the 
depression  formed  by  the  Potomac  in  its  passage  through  them.  Tak¬ 
ing  then  into  estimate  the  advantages  which  these  important  circum¬ 
stances  afford  Baltimore  in  regard  to  this  immense  trade,  we  again 
lepeat  that  nothing  is  wanted  to  secure  a  great  portion  of  it  to  our 
city  but  a  faithful  application  of  the  means  within  our  own  power. 

The  only  point  from  which  we  have  anything  to  apprehend  is  New 
Orleans;  with  that  city,  it  is  admitted  we  must  be  content  to  share 
this  trade,  because  she  will  always  enjoy  a  certain  portion  of  it  in  de¬ 
fiance  of  our  efforts;  but  from  a  country  of  such  vast  extent  and  whose 
productions  aie  so  various  and  of  such  incalculable  amount,  there  will 
be  sufficient  trade  to  sustain  both  New  Orleans  and  Baltimore;  and  we 
may  feel  fully  contented  if  we  can  succeed  in  securing  to  ourselves  that 
portion  of  it  which  will  prefer  to  seek  a  market  east  of  the  mountains. 

^  Of  the  se\eial  artificial  means  which  human  ingenuity  and  in¬ 
dustry  have  devised  to  open  easy  and  economical  communications  be¬ 
tween  distant  points,  turnpike  roads,  canals  and  railroads  have  un¬ 
questionably  the  advantage  over  all  others.  When  turnpike  roads  were 
first  attempted  in  England  they  were  almost  universally  opposed  by 
the  great  body  of  people;  a  fewT  enterprising  citizens,  however,  suc¬ 
ceeded  after  a  severe  struggle  in  constructing  them.  The  amount  of 
trailing  was  then  so  limited  that  this  means  of  transportation  was 
found  abundantly  sufficient  for  all  the  exigencies  of  the  then  trade  of 
that  country;  in  a  little  time,  however,  so  great  was  the  increase  of 
commeice  there  (and  which  increase  in  a  great  measure  resulted  from 
the  advantages  these  roads  afforded)  that  even  the  turnpike  in  a  short 
time  was  found  insufficient  to  accommodate  the  growing  trade  of  the 
country,  and  the  substitution  of  canals  in  place  of  roads  was  the  con¬ 
sequence,  in  every  situation  where  the  construction  of  them  was  prac¬ 
ticable. 

“It  was  soon  ascertained  that  in  proportion  to  the  increased  fa¬ 
cilities  afforded  to  trade  by  the  canals  in  England,  was  the  increase  of 
trade  itself,  until  even  this  means  of  communication  was  actually,  in 

many  of  the  more  commercial  parts  of  the  country,  found  insufficient 
lor  the  transportation  required. 

Railroads  had,  upon  a  limited  scale,  been  used  in  several  places 
in  England  and  Wales  for  a  number  of  years,  and  had,  in  every  in¬ 
stance,  been  found  fully  to  answer  the  purposes  required,  as  far  as 
the  experiment  had  been  made.  The  idea  of  applying  them  on  a  more 
extended  scale  appears,  however,  only  recently  to  have  been  suggested 
in  that  country,  but  notwithstanding  so  little  time  has  elapsed  since 
the  attempt  was  first  made,  yet  we  find  that  so  decided  have  been  the 
5^ntaf  °'er  ^rn-pike  roads  and  even  over  canals,  that  already 
-000  miles  of  them  are  actually  completed  or  in  a  train  of  rapid 
progress  in  Great  Britain,  and  that  the  experiment  of  their  construction 
ias  not  in  one  case  failed,  nor  has  there  been  one  instance  in  which 
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they  have  not  fully  answered  the  most  sanguine  expectations  of  their 
projectors.  Indeed,  so  completely  bas  this  improvement  succeeded  in 
England,  that  it  is  the  opinion  of  many  judicious  and  practical  men 
there,  that  these  roads  will,  for  heavy  transportation,  supersede  canals 
as  effectively  as  canals  have  superseded  turnpike  roads. 

Further  in  this  report  it  is  stated  that  with  the  facilities 
afforded  by  the  proposed  Baltimore  and  Ohio  Railroad,  many 
articles,  particularly  foodstuffs,  would  not  only  bear  transpor¬ 
tation  to  Baltimore,  but  would  furnish  a  constantly  increasing 
supply  of  freight  on  the  proposed  road,  and  become  a  source  o 
great  wealth  to  the  people  of  the  West. 

Illustrating  the  truth  of  this  assertion,  a  barrel  of  flour 
commanding  $5  in  Baltimore  would  not,  as  an  article  of  export 
to  that  market,  be  worth  more  than  $1  at  Wheeling  on  the  0  no 
River,  the  cost  of  transportation  being  estimated  at  $4.  On  the 
proposed  railroad,  however,  the  rate  from  the  Ohio  River  to 
Baltimore  was  estimated  at  $10  per  ton,  making  the  cost  o 
carrying  a  barrel  of  flour  only  $1.  Thus  at  once  its  value  as  an 
article  of  export  would  be  enhanced  in  Ohio  from  $1  to  $4  a 


barrel. 

The  expense  of  conveying  cotton  upon  the  proposed  rail¬ 
road  from  the  Ohio  River  to  Baltimore,  including  all  charges, 
was  estimated  at  1/4  cent  a  pound,  certainly  not  more  than 
14  cent  a  pound;  and  coal  from  the  Allegheny  Mountains  near 
Cumberland,  including  its  cost  at  the  pits,  could  be  delivered 
at  Baltimore  for  11  to  12  cents  a  bushel,  or  about  $3  a  ton. 

These  rates  were  the  beginning  of  rate-making  m  America. 
Briefly,  the  rate  today  on  a  ton  of  coal  from  Cumberland  has 
decreased  from  $3  to  $1.18  -per  ton  or  61  percent.  The  rate 
on  flour  has  decreased  from  $1  to  30c  a  barrel  or  i0  percent, 
and  on  cotton  from  five  mills  to  1.8  mills  a  pound  or  64  percent. 

The  report  then  proceeded  to  show  the  advantages  that 
canals  had  in  England  over  a  similar  system  of  transportation 
in  this  country  on  account  of  the  milder  climate  and  the  absence 
of  danger  from  stagnation  of  water.  Although  the  facts  in  the 
possession  of  the  Committee  with  regard  to  the  railroad  system 
were  not  as  extensive  as  desired,  its  members  gleaned  enough 
from  the  documents  to  leave  no  doubt  in  their  minds  that 
a  railroad  was  better  adapted  to  the  physical  conditions  than  a 
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canal  across  the  mountains.  They  therefore  recommended  that 

measures  be  taken  to  “construct  a  double  railroad  between  the 

City  of  Baltimore  and  some  suitable  point  upon  the  Ohio  River 

by  the  most  eligible  and  direct  route,  and  that  a  charter  to 

incorporate  a  company  to  execute  the  work  be  obtained  as  early 

• 

as  possible.” 

The  report  was  unanimously  adopted  by  the  meeting  and 
a  large  edition  of  it  ordered  published  in  pamphlet  form.  It 
was  further  resolved  that  immediate  application  be  made  to 
the  Legislature  ol  Maryland  for  an  Act  incorporating  a  joint 

stock  company  to  be  styled  “The  Baltimore  and  Ohio  Railroad 
Company.” 


'Fig.  2.  The  “First  Stone.” 

It  was  further  resolved  that  capital  stock  of  the  Company 
would  be  $5  000  000.  Steps  were  taken  to  get  a  charter  through 
the  Legislature  of  Maryland.  It  was  the  first  railroad  charter 
obtained  in  the  United  States  and  is  a  rare  document,  particu¬ 
larly  in  that  it  indicated  its  author’s  remarkable  perception 
and  appreciation  at  that  early  period  of  the  powers  that  would 
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be  required  by  such  a  corporation.  The  author  of  the  document 
was  J.  V.  L.  McMahon,  an  eminent  lawyer  of  Baltimore.  The 
charter  was  duly  granted  and  at  the  same  session  of  the  Legis¬ 
lature  in  1828  an  additional  Bill  was  passed  authorizing  the 
State  of  Maryland  to  subscribe  $500  000  in  stock  in  the  Balti¬ 
more  and  Ohio  Railroad  Company,  which  was  the  first  Legis¬ 
lative  aid  offered  to  a  railroad  in  the  United  States. 

Construction  of  the  road  was  commenced  July  4,  1828,  ac¬ 
companied  by  one  of  the  most  magnificent  processions  of  mili¬ 
tary  and  civic  associations,  trades  and  professions,  ever 
witnessed  in  the  United  States.  The  “ First  Stone”  was  laid  at 
Mt.  Clare,  Baltimore,  by  the  venerable  Charles  Carroll,  of  Car¬ 
rollton,  then  over  90  years  of  age.  After  he  had  performed 
this  service,  addressing  himself  to  one  of  his  friends  he  said : 
“I  consider  this  among  the  most  important  acts  of  my  life, 
second  only  to  the  signing  of  the  Declaration  of  Independence, 
even  if  indeed  it  be  second  to  that.” 

The  “  First  Stone,”  shown  by  Fig.  2,  was  lost  for  many 
years  on  account  of  changes  in  the  line  and  grade  of  the  rail¬ 
road.  In  1898,  after  the  stone  had  been  lost  for  over  50  years, 
surveys  were  made  and  it  was  located  and  raised  from  its  ori¬ 
ginal  setting.  It  is  now  protected  and  in  a  good  state  of  preser¬ 
vation  and  will  mark  the  beginning  of  the  great  American  rail¬ 
road  transportation  systems  for  many  generations  to  come. 

It  was  desired  to  build  the  railroad  to  the  Potomac  at  the 
earliest  possible  date  so  as  to  transport  the  tidewater  coal  that 
was  being  floated  down  the  river.  The  laying  of  rails  began 
in  the  fall  of  1829,  and  these  were  laid  upon  wooden  sleepers 
at  the  east  end  of  Mt.  Clare  premises,  at  which  point  a  pas¬ 
senger  station  was  erected  shortly  after  and  is  still  standing. 
The  first  division  of  the  road  was  opened  foi  transportation  of 
passengers  on  May  22,  1830,  it  being  a  little  more  than  18 
months  after  the  commencement  of  the  work.  Eforse  and  mule 
power  was  used  to  haul  the  cars.  Locomotives  at  this  period 
were  in  their  infancy  and  until  the  opening  of  the  Liverpool 
and  Manchester  Railroad  in  England,  during  the  same  year, 
the  utmost  speed  obtained  in  travel  by  locomotives  did  not 
exceed  6  miles  an  hour. 
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NOTES  ON  EARLY  OPERATION 

There  were  many  extremely  interesting  incidents  in  connec¬ 
tion  with  the  promotion  and  development  of  such  a  revolutionary 
idea  as  the  building  of  a  railroad,  and  before  the  road  had  more 
than  started  demands  were  made  by  the  people  for  a  ride  over  the 
iron  rails  which  they  saw  being  laid.  Probably  something  over 
20  miles  of  the  grading  had  been  finished  and  the  rails  had  been 
laid  at  least  as  far  as  Ellicott  Mills,  13  miles  from  Baltimore, 
when,  as  stated  by  a  Baltimore  paper,  in  answer  to  a  popular 
demand,  a  “BRIGADE  OF  CARS”  would  run  a  regular 
schedule  between  those  points.  The  first  brigade  of  cars,  the 
type  of  which  is  shown  by  Fig.  3,  was  drawn  by  one  horse,  and 
it  is  recorded  that  Charles  Carroll  of  Carrollton  and  some  of 
the  city  officials  were  passengers  in  the  car  “Pioneer,”  which 
was  used  on  that  occasion. 

This  operation  by  horses '  between  Baltimore  and  Ellicott 
Mills  was  continued  for  some  time,  but  it  developed  that  this 
could  not  always  be  the  means  of  locomotion  for  a  railroad. 

Another  interesting  idea  was  to  mount  sails  on  the  cars 
and  procure  propulsion  by  means  of  the  wind.  This,  however, 
was  doomed  to  failure. 

After  this  period  and  during  the  early  trials  of  several 
locomotives  which  were  then  invented  for  hauling  cars  on  iron 
rails,  the  historical  race  took  place  between  Peter  Cooper’s 
engine,  the  Tom  Thumb,”  and  a  horse  drawn  vehicle  in  the 
regular  operation  of  the  stage  line  between  Baltimore  and  Relay. 

The  present  Baltimore  and  Ohio  passenger  station  at  Relay 
was  a  tavern  in  the  early  days  and  people  frequently  drove 
f 10111  Baltimore  to  have  dinner  at  this  hostelry,  which  wras 
famous  for  its  cuisine.  It  was  on  the  return  trip  of  Peter 
Cooper’s  “Tom  Thumb”  from  Ellicott  Mills  that  it  was  met 
by  the  horse  and  vehicle  at  Relay  and  a  race  proposed  to  Bal¬ 
timore.  Soon  after  the  race  had  begun  it  was  seen  that  the 
locomotive  was  easily  winning  from  the  horse  and  it  is  recorded 
that  the  driver  was  just  about  to  pull  up  and  acknowledge 
himself  beaten  by  the  new'  steam  engine  when  the  apparatus 
working  the  blower  on  the  “Tom  Thumb”  got  out  of  order; 
without  the  draft  the  steam  w'ent  down  in  the  boiler,  Mr.  Cooper 
was  entirely  unable  to  w'ork  the  blow'er  by  hand  and  the  horse 
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forged  ahead  and  won  the  race.  This  is  probably  the  first  loco¬ 
motive  steam  failure  on  record  in  the  United  States. 

CLASH  WITH  CANAL  COMPANY  AT  HARPERS  FERRY 
It  is  well  known  that  the  first  lines  of  transportation  were 
over  National  Pikes  constructed  in  the  early  days,  notably  that 
from  Cumberland,  Maryland,  to  Steubenville,  Ohio.  Later 
there  followed  a  general  development  of  canals,  due,  in  all  prob¬ 
ability,  to  the  high  cost  of  transportation  by  roads.  The  greatest 
agitation  in  regard  to  the  building  of  canals  occurred  early  in 


Fig.  3.  First  Passenger  Car. 

the  first  few  decades  of  the  nineteenth  century,  and  in  our  par¬ 
ticular  locality  the  Chesapeake  and  Ohio  Canal  was  considered 
to  be  a  project  which  would  forever  insure  the  prosperity  of 
the  City  of  Baltimore.  It  had  been  one  of  Washington’s  par¬ 
ticular  schemes,  as  he  had  often  considered  that  the  Potomac 
Valley  offered  a  good  route  for  a  canal. 

After  the  idea  of  railroads  began  to  develop  and  had  taken 
some  definite  form  in  the  beginning  of  the  construction  of  the 
Baltimore  and  Ohio,  there  were  controversies  between 
the  interests  building  the  canal  and  those  building  the  railroad, 
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the  canal  people  believing  that  the  Potomac  Valley  was  too 
narrow  for  the  location  of  both  the  railroad  and  the  waterway. 
It  was  claimed  that  the  noise  from  the  engines  would 
scare  the  horses,  and  it  finally  culminated  in  an  injunc¬ 
tion  being  secured  by  the  canal  interests  against  the  railroad. 
The  Canal  Company  insisted  that  the  Railroad  Company  should 
build  a  fence  between  its  road  and  the  canal  in  order  to  prevent 
the  tow  horses  from  being  frightened  by  t  lie  engines 
and  the  railroad  had  to  agree  to  haul  its  trains  by  horses 
over  the  sections  where  the  canal  and  the  railroad  were  close 
together.  At  Harpers  Ferry  the  canal  and  railroad  were  very 
near  each  other  and  it  was  at  this  point  that  trouble  first  arose 
between  the  two  companies. 

In  1832  the  Court  of  Appeals  of  Maryland  decided  the 
cases  of  injunction  in  favor  of  the  Canal  Company  and  pre¬ 
vented  the  Railroad  Company  from  appropriating  or  using  land 
for  the  railroad  until  the  Canal  Company  had  located  its  route 
between  Point  of  Rocks  and  Harpers  Ferry.  A  commission  was 
appointed  to  adjust  the  matter  and  it  made  a  very  convincing 
report  to  Congress. 

In  1833  a  Bill  was  passed  based  upon  the  conclusions  of 
this  commission  which  brought  the  troubles  to  a  close.  The  Rail¬ 
road  Company  paid  the  Canal  Company  $266  000  for  all  claims 
under  a  compromise  act  in  which  the  Canal  Company  was  to 
construct  the  railroad  as  well  as  the  canal  between  Point  of 
Rocks  and  Harpers  Ferry,  and  this  portion  of  the  road  was 
completed  December  1,  1834. 

It  was  in  the  territory  between  Brunswick,  Harpers  Ferry 
and  Cumberland  that  so  many  incidents  of  interest  relative  to 
the  Civil  War  were  enacted. 

FINANCIAL  TROUBLES 

The  financial  difficulties  which  were  encountered  during 
both  the  early  and  later  construction  of  the  railroad  almost 
caused  the  abandonment  of  the  project.  The  promoters  started 
out  with  free  right  of  way  and  due  to  the  glowing  prospects  the 
stock  was  over  subscribed.  During  the  year  1828,  the  State  of 
Maryland  made  its  first  subscription  to  the  stock  of  the  road, 
amounting  to  $500  000.  Individual  subscriptions  during  the 
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year  amounted  to  $1  500  000,  and  at  the  end  of  1828  the  entire 
capital  had  reached  about  $4  000  000.  However  this  soon  dis¬ 
appeared  in  the  construction  of  the  road,  the  cost  having  been 
underestimated  by  the  engineers,  and  the  directors  of  the  Rail¬ 
road  Company  realized  that  they  would  have  to  proceed  with 
the  work  upon  their  own  resources.  The  President  and  several 
of  the  directors  advanced  a  total  of  $200  000  and  under  the  di¬ 
rection  of  President  Thomas  these  difficulties  were  gradually 

met. 

Owing  to  the  stringency  in  the  money  market  during  1839 
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and  1840,  the  work  of  building  the  line  west  of  Cumberland 
was  suspended.  In  1848,  Thomas  Swann  was  elected 
President  of  the  Baltimore  and  Ohio  Railroad  Company  and 
the  records  at  that  time  show  that  the  shares  had  fallen  to  28 
cents  on  the  dollar. 

Notwithstanding  the  great  depreciation  in  the  value  of  the 
shares,  the  City  of  Baltimore  found  that  its  original  sub¬ 
scriptions  of  $3  500  000  had  been  more  than  returned  in  the 
increased  value  of  real  estate,  the  increase  in  population  and 
the  general  growth  which  were  almost  directly  traceable  to  the 
construction  of  the  railroad. 


Fig.  5.  Strap  Rail  Track  Construction. 


Much  money  was  needed,  and  in  1851  the  disbursements 
* 

ol  the  road  amounted  to  .$200  000  per  month  for  construction. 

A  crisis  now  arose  in  President  Swann’s  administration 
taxing  his  ability  to  overcome  it.  He  laid  a  betterment  plan 
before  the  Directors  and  secured  their  approval,  and  after  re¬ 
peated  efforts,  coupon  bonds  were  sold  at  home  and  abroad  at 
80.  The  report  of  October,  1852,  gives  an  idea  of  the  troubles 
through  which  the  road  was  passing.  This  report  shows  that 
during  that  time,  for  the  construction  of  the  road  west  of  Cum- 
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berland  there  had  been  expended  $7  271  732  for  approximately 
200  miles  of  line  then  nearing  completion,  or  an  average  of 
$36  360  a  mile.  Compared  with  construction  work  in  1852,  we 
have  today  the  Magnolia  Cut-Off,  approximately  12  miles  of 
double  track  line  costing  $6  000  000,  or  $500  000  a  mile. 

On  June  22,  1852,  the  road  was  formally  opened  to  the  town 
of  Fairmont  on  the  Monongahela  River,  71  miles  east  of  Wheel¬ 
ing.  In  1851  President  Swann  had  promised  to  stand  with  his 
guests,  from  the  City  of  Baltimore  and  the  States  of  Virginia 
and  Maryland,  on  the  banks  of  the  Ohio  at  Wheeling  on  the 
first  day  of  January,  1853,  and  this  was  literally  realized. 


Fig.  6.  First  “T”  Rail  Design. 

The  closing  remarks  in  President  Swann’s  Annual  Report 
for  1853  announcing  the  consummation  of  this  undertaking  are 
worth  special  notice,  as  there  runs  through  them  a  thread  of 
thought  clearly  indicating  the  financial  difficulties  under  which 
he  had  labored  during  his  regime  as  President  of  the  road. 
President  Swann  wrote: 

It  is  now  26  years  since  the  Baltimore  and  Ohio  Railroad  Com¬ 
pany  made  their  first  annual  report  to  the  enterprising  stockholders, 
by  whose  capital  and  public  spirit  this  Board  was  called  into  being. 
Of  those  who  stood  prominent  in  the  early  organization,  few  have 
survived  the  delay  which  has  attended  the  progress  of  this  road,  or 
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will  be  present  to  rejoice  with  us  in  the  work  of  final  completion.  In 
the  animating  prospects  of  the  future,  it  becomes  us,  however,  not  to 
forget  what  is  due  to  those  who  have  borne  a  part  in  the  conception  of 
the  grand  idea  which  it  embodies.  History  will  do  justice  to  the  past 
as  well  as  the  present. 

“After  years  of  delay,  surrounded  by  embarrassments,  and  stag¬ 
gering  under  the  vastness  of  the  undertaking — with  a  credit  almost 
exhausted — its  few  remaining  friends  scattered  and  disheartened — a 
community  over-taxed — and  an  opposition  rendered  formidable  by  the 
honesty  of  the  convictions  under  which  they  acted — this  great  work 
entered  upon  its  extension  from  Cumberland  to  the  city  of  Wheeling, 
a  distance  of  more  than  200  miles.  Through  every  vicissitude  of 
climate,  obstructed  by  interminable  rocks,  or  opposed  by  a  succession 
of  mountain  barriers,  altogether  without  a  parallel  in  the  progress  of 
similar  enterprises,  by  day  and  by  night,  it  has  passed  forward  in 
such  a  march  as  human  labor  is  seldom  called  to  encounter,  sustained 
only  by  that  determined  spirit  which  so  strongly  marks  the  character 
of  the  age  in  which  we  live;  until  it  is  now  within  reach  of  the  goal 
for  which  it  has  so  long  been  striving.” 

O  LJ 

DEVELOPMENT  OF  ROADBED 

A  brief  description  of  the  construction  of  the  first  track  is 
very  interesting,  the  following  by  the  late  Major  J.  G.  Pangborn 
of  the  Baltimore  and  Ohio  being  taken  from  “The  World’s  Rail 
Way”: 

“After  the  ground  is  brought  to  a  level,  square  holes  are  dug  4 
ft.  apart,  23  in.  wide,  2  ft.  long  and  2  ft.  deep.  These  holes  are 
tilled  level  full  of  broken  stones  securely  rammed  down.  After  the 
foundation  is  thus  made,  a  trench  0  in.  deep  is  dug  connecting  each 
hole  with  the  opposite.  These  trenches  are  also  filled  with  stones  and 
upon  them  cedar  sleepers,  or  cross  pieces  are  placed  with  great  care 
and  accuracy,  a  spirit  level  being  used  to  adjust  them  properly.  In 
each  of  these  cross  pieces,  immediately  above  the  stone  foundation 
notches  are  cut  and  into  these  the  wTooden  rail  stringers  are  carefully 
leveled  and  secured  by  wedges.  These  stringers  are  of  yellow  pine 
and  from  20  to  24  ft.  long,  0  in.  square  and  beveled  on  top  to  clear 
the  flanges  of  the  wheels,  which  are  on  the  outside,  not  the  inside  as 
on  some  lines.  On  the  top  of  the  stringers  the  iron  rails  are  carefully 
nailed  with  wrought  iron  nails  4  in.  long. 

“This  method  of  construction  was  used  on  the  first  seven  and  a 
quarter  miles,  to  Vinegar  Hill,  at  a  cost  of  $4002  per  mile.  West 
of  Vinegar  Hill,  long  granite  slabs  were  substituted  for  the  cedar  cross 
pieces  and  yellow  pine  stringers  for  a  distance  of  six  and  three-quarter 
miles  at  a  cost  of  $5116  a  mile  to  Bllicott  Mills,  to  which  point 
the  track  was  completed  May,  1831.” 
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The  early  specifications  would  indicate  that  the  gauge  at 
that  time  was  either  the  present  standard — 4  ft.  8 y2  in. — or  very 
near  it.  The  strap  rails  were  not  successful,  it  having  been 
found  that  traffic  would  loosen  and  turn  them  up  as  the  wheels 
passed  over,  forming  what  was  called  “snake  heads,”  which 
sometimes  rose  up  and  punched  holes  through  the  car  floors. 

Figs.  4  and  5  show  the  type  of  early  roadbed  and  track  con¬ 
struction. 

The  road  was  completed  to  Point  of  Rocks,  73  miles  west 


Fig.  7.  Section  of  “Z”  Rail. 


THOMPSON — MAGNOLIA  CUT-OFF  ON  B.  &  O.  R.  R.  825 

of  Baltimore,  in  1832,  several  methods  of  construction  having 
been  pursued.  Stone  was  used  for  track  to  the  head  of  the 
Patapsco;  from  there  to  Point  of  Rocks  it  was  not  available, 
therefore  timber  was  used,  Forty  miles  of  line  were  on  granite 
sills  8  in.  thick,  15  in.  wide  and  various  lengths  laid  in  trenches 
tilled  with  broken  stone.  Thirty-three  miles  of  road  had  various 
forms  ot  construction :  Wood  and  iron  rails  on  stone  block ;  wood 
and  iron  rails  supported  by  broken  stone;  wood  and  iron  rails 
supported  by  longitudinal  ground  sills  instead  of  broken  stone: 
and  log  rails  formed  of  trunks  of  trees  worked  to  a  surface  on 
one  side  to  receive  the  iron  and  supported  by  wooden  sleepers. 


Fig.  8.  “U”  Type  Rail  Design. 

I  The  “  T ”  rail  as  we  know  it,  was  designed  about  1S30  by 

R.  L.  Stevens,  President  and  Chief  Engineer  of  the  Camden  and 
|  Amboy  Railroad;  he  also  devised  the  “hook  headed”  spike  and 
|  the  “iron  tongue''  which  has  developed  into  the  fish  plate  or 
angle  bar.  The  “T"  rail  was  first  manufactured  in  England. 

The  first  “T”  rail  on  the  Baltimore  and  Ohio  was  placed 
on  the  Washington  Branch,  which  was  completed  in  1834.  This 
rail  weighed  40  lb.  to  the  yard  and  the  ends  were  cut  at  an 
angle  of  60  deg.,  as  shown  by  Fig.  6. 

In  1841  B.  H.  Latrobe  of  Baltimore  designed  a  “Z”  bar 
rail,  Fig.  7,  for  the  Baltimore  and  Ohio.  This  was  a  compound 
rail  of  wood  and  iron  and  weighed  45  lb.  to  the  yard. 

The  first  rail  rolled  in  America  was  the  product  of  the  Mt. 
Savage  Rolling  Mill,  Allegany  County,  Maryland.  This  rail. 
Fig.  8,  was  the  “U”  type  and  weighed  401b.  to  the  yard  and 
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was  often  called  bridge  rail  because  it  was  the  first  rail  laid  on 
cross  ties  instead  of  longitudinal  stringers. 

The  period  of  greatest  importance  in  the  history  of  rail  was 
between  1847  and  1857,  during  which  time  the  Bessemer  process 

for  making  steel  was  perfected. 

The  Baltimore  and  Ohio  constructed  a  rolling  mill  at  Cum¬ 
berland,  Maryland,  1869-1871,  and  rolled  the  pear  shaped  rail 
section.  The  mill  cost  $548  000  and  was  in  continuous  operation 
until  1890,  when  it  was  leased  to  the  Cambria  Iron  Company. 
Fig.  9  illustrates  the  section  of  rail  rolled  at  the  Cumberland 

Mill. 


Fig.  9.  Pear  Shaped  Rail  Section. 

After  the  close  of  the  Civil  War  a  great  many  rail  sections 
came  into  use.  It  was  estimated  that  in  1880  the  mills  carried 
rolls  for  300  different  rail  sections.  The  Baltimore  and  Ohio 
was  no  exception  in  regard  to  the  use  of  various  rail  sections, 
which  did  not  become  generally  standardized  until  1893. 

In  1887  the  American  Society  of  Civil  Engineers  appointed 
a  committee  to  consider  “the  proper  relation  to  each  other  of 
the  sections  of  rails  and  wheels.”  This  committee  reported  in 
1893  and  submitted  a  series  of  sections  of  rail  weighing  from 
40  lb.  to  100  lb.  to  the  yard,  varying  in  intervals  of  5  lb.  These 
sections  were  adopted  by  the  Society  and  promulgated  as  the 
A.  S.  C.  E.  standard  sections,  many  of  which  were  used  by  the 
Baltimore  and  Ohio  Railroad. 


Elevation 


Plan 

Reinforced  Rail  Joint 


Elevation 


"B" 


Fig.  10.  Type  of  Roadbed  nnd  Rail  Section  Used  on  the  Magnolia  Cut-Off. 
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III  1901  it  was  thought  that  the  steel  rails  in  use  were  not 
giving  satisfaction.  The  consequent  agitation  resulted  in  the 
sections  recommended  by  the  American  Railway  Association  and 
known  as  the  A.  R.  A.  sections.  In  1908  the  Baltimore  and  Ohio 
purchased  for  test  purposes  4  100  tons  of  901b.  rail  rolled  to 
conform  to  the  A.  R.  A.  sections  and  since  1909  all  rail  pur¬ 
chased  has  been  A.  R.  A.  sections  except  3  000  tons  of  A.  S.  C.  E. 
The  next  important  step  in  the  advance  of  rail  is  the  presmT 
gradual  but  sure  change  from  bessemer  to  the  more  serviceable 
open  hearth  steel. 

In  the  United  States  there  may  be  found  today  many  dif¬ 
ferent  types  of  roadbed  construction  which  in  general  are  all 
constructed  on  one  basic  principle.  The  rails  are  spiked  and 
held  to  gauge,  4  It.  8*4  in.,  by  cross  ties  spaced  from  18  in.  to 
24  in.  center  to  center.  The  rail  section  and  weight  is  usually 
determined  by  the  local  conditions  and  volume  of  traffic  as  well 


as  the  nature  of  the  roadbed.  The  track  may  be  placed  on  nat¬ 
ural,  or  earth,  ballast  if  the  traffic  is  light  or  it  may  be  put  on 
cinder,  gravel,  slag  or  stone  ballast. 

Broken  stone  is  generally  considered  the  best  form  of 
ballast  for  heavy  traffic  lines  and  may  be  placed  under  the  ties 
to  a  depth  varying  between  6  in.  and  2  ft.  Fig.  10  illustrates 
the  type  of  roadbed  construction  and  rail  section  used  on  the 


Magnolia  Cut-Off  Improvement.  Trap 
was  used  with  100  lb.  A.  R.  A.  section 
or  truss  rail  joints. 


rock  ballast,  18  in.  deep. 
“B”  rail  with  reinforced 


DEVELOPMENT  OF  THE  LOCOMOTIVE 
T.  lie  first  American  locomotive  found  to  lie  of  service  was 
introduced  by  Phineas  Davis  in  1831  as  the  result  of  a  compe¬ 
tition  in  which  a  prize  of  $4  000  was  offered  for  the  best  design 
of  locomotiv  e  that  would  conform  to  certain  specifications. 
Davis’  engine  was  known  as  the  “York,”  Fig.  11,  and  was  built 
at  York,  Pennsylvania.  It  was  mounted  on  30  in.  wheels  for 
common  cars  and  weighed  3 y2  tons.  It  was  found  capable  of 
conveying  15  tons  at  the  rate  of  about  15  miles  an  hour  on 
level  track.  The  “York”  was  operated  between  Baltimore  and 
Ellieott  Mills,  a  distance  of  13  miles,  taking  about  one  hour  to 
make  the  trip. 
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As  a  matter  of  record  and  interest,  a  few  of  the  points  are 
noted  in  connection  with  the  specifications  of  the  first  locomo¬ 
tive,  which  were  issued  by  the  President  of  the  railroad. 
The  locomotive  was  to  be  of  American  make  and  for  which  the 
Railroad  Company  would  pay  $4  000. 

uIt  must  burn  coke  or  coal  and  must  consume  its  own  smoke. 

“When  in  operation  it  must  not  exceed  SYz  tons  in  weight  and 
must  be  capable  of  drawing  day  by  day  15  tons,  inclusive  of  weight 
of  the  wagons,  15  miles  per  hour  on  a  level  road.  The  Company  will 


Fig.  11.  The  “York”  Locomotive. 

furnish  wagons  of  Winans’  construction,  the  friction  of  which  will  not 
exceed  5  lb.  to  the  ton. 

“In  deciding  on  the  relative  advantages  of  the  several  engines, 
the  Company  will  take  into  consideration  their  respective  weights, 
power  and  durability  and  all  other  things  being  equal,  give  preference 

to  the  engine  weighing  the  least.  « 

“The  flanges  are  to  run  on  the  inside  of  the  rails.  Ihe  iorm  or 

the  cone  and  flanges  and  the  tread  of  the  wheels  must  be  such  as  are 
now  in  use  on  the  road.  If  the  working  parts  are  so  connected  as  to 
work  with  the  adhesion  of  all  four  wheels,  then  all  the  wheels  shall 
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be  of  equal  diameter  not  to  exceed  3  ft.;  but  if  the  connection  be  such 
as  to  work  with  the  adhesion  of  two  wheels  only,  then  those  two  wheels 
may  have  a  diameter  not  exceeding  4  ft.,  and  the  other  two  wheels  shall 
be  2 Y2  ft.  in  diameter  and  shall  work  with  Winans*  friction  wheels, 
which  last  will  be  furnished  on  application  to  the  Company.  The 
flanges  to  be  4  ft.  7*2  in.  apart  from  outside  to  outside.  The  wheels 
to  be  coupled  4  ft.  from  center  to  center  in  order  to  suit  curves  of 
short  radius. 

“The  pressure  of  the  steam  must  not  exceed  100  lb.  to  the  square 
inch,;  and  as  a  less  pressure  will  be  preferred,  the  Company  in  deciding 


•Fig.  12.  The  “Atlantic”  Locomotive. 

on  the  advantages  oL  the  several  engines  will  take  into  consideration 
their  relative  degrees  of  pressure.  The  Company  will  be  at  liberty  to 
put  the  boiler,  fire  tube,  cylinder,  etc.,  to  the  test  of  a  pressure  of  water 
not  exceeding  three  times  the  pressure  of  the  steam  intended  to  be 
worked,  without  being  answerable  for  any  damage  to  the  machine 
which  it  may  receive  in  consequence  of  such  test. 

Theie  must  be  two  safety  valves,  one  of  which  must  be  completely 
out  of  reach  or  control  of  the  engineman,  and  neither  of  which  must 
be  fastened  down  while  the  engine  is  working 


Fig.  13.  The  “Camelback”  Locomotive  and  Early  Type  of  Iron  Hopper  Cars. 
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“The  engine  and  boiler  must  be  supported  on  springs  and  rest  on 
four  wheels,  and  the  height  from  the  ground  to  the  top  of  the  chimney 
must  not  exceed  12  ft. 

“There  must  be  a  mercurial  gauge  affixed  to  the  machine  with  an 
index  rod,  showing  the  steam  pressure  above  50  lb.  per  scp  in.  and 
constructed  to  blow  out  at  100  lb.  pressure. 

“The  engine  which  may  appear  to  offer  the  greatest  advantages 
will  be  subject  to  the  performance  of  .10  days’  regular  work  on  the  road 
at  the  end  of  which  time,  if  they  shall  have  proved  durable  and  con¬ 
tinue  to  be  capable  of  performing  agreeably  to  their  first  exhibition,  as 
aforesaid,  they  will  be  received  and  paid  for  as  here  stipulated. 

P.  E.  THOMAS, 

President. 

“X.  B.  The  Railroad  Company  will  provide  and  will  furnish  a 
tender  and  supply  of  water  and  fuel  for  trial.  Persons  desirous  of 
examining  the  road  or  of  obtaining  more  minute  information  are  in¬ 
vited  to  address  themselves  to  the  President  of  the  Company.  The 
least  radius  of  curvature  of  the  road  is  400  ft. — 14  deg.  10  min.  curve. 
Competitors  who  arrive  with  their  engines  before  the  first  of  June 
will  be  allowed  to  make  experiments  on  the  road  previous  to  that  day. 

“The  Editors  of  the  National  Gazette,  Philadelphia,  Commercial 
Ad\eitisei,  X ew  \ork,  and  Pittsburgh  Statesman,  will  copy  the  above 
once  a  week  for  four  weeks,  and  forward  their  bills  to  the  Baltimore 
and  Ohio  Railroad  Company.” 

The  next  machine  introduced  in  the  development  of  the 
locomotive  was  the  engine  given  the  name  “Atlantic,”  Fig.  12, 
built  in  1832.  This  engine  weighed  6l/2  tons  and  was  capable 
of  pulling  five  cars  weighing  about  18  tons  at  the  rate  of  12 
miles  an  hour.  I  he  “Atlantic  had  two  upright  cylinders 
10  in.  in  diameter  with  a  20  in.  stroke.  Power  was  transmitted 
by  gearing  to  the  driving  axle  through  pinions  so  that  one  double 
stroke  of  the  piston  would  cause  two  revolutions  of  the  drivin" 
wheels,  which  were  30  in.  in  diameter.  This  period  marks  the 
beginning  of  the  remarkable  development  in  the  construction 
and  power  of  railroad  locomotives. 

The  photograph,  Fig.  13,  made  in  1897  may  be  of  interest 
and  shows  the  old  “Camelback”  locomotive  and  four  iron  hop¬ 
per  cars  which  were  used  for  hauling  coal  and  lime  in  bulk. 
The  “Camelback”  locomotive  No.  135  was  about  the  last  of  its 
type.  These  old  cars  were  constructed  during  the  period  1883 
to  1893  at  a  cost  of  approximately  $400.  They  weighed  from 
12  800  to  25  6001b.  and  had  a  carrying  capacity  of  13  to  25 


Fig.  14.  The  Mikado  Locomotive. 
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tons,  the  box  car  at  the  end  of  this  train  was  built  of  steel 

and  was  one  of  the  first  experiments  in  the  construction  of  all 
steel  freight  cars. 

At  the  dose  of  the  year  1835  there  were  7  locomotives,  44 
coaches  and  10/8  freight  cars  in  use.  At  the  end  of  the  fiscal 
year  1914,  or  79  years  later,  there  were  2365  locomotives,  1292 
passenger  coaches  of  all  kinds  and  88  055  freight  cars  exclusive 
of  work  train  equipment. 

The  Mikado  Locomotive,  Fig.  14,  is  used  in  road  service 
on  the  East  End  of  the  Cumberland  Division  and  other  divisions 
of  the  Baltimore  and  Ohio  Railroad.  By  its  introduction  many 
economies  m  transportation  have  been  effected.  It  weighs  232 
tons  including  tender  and  has  a  tractive  power  of  54  600  lb. 

The  heaviest  type  of  road  locomotive  in  through  freight 
service  today  on  the  Baltimore  and  Ohio  is  the  Class  S  or  ‘‘ Cen¬ 
tipede  -  shown  by  Fig.  15.  This  engine,  including  tender 
weighs  293  tons  and  has  a  length  of  87  ft.  over  all.  There  are 
two  cylinders  30  in.  in  diameter,  32  in.  stroke  and  five  sets  of 
m.  driving  wheels;  it  has  a  tractive  power  of  84  0001b  and 
wil  ldraw  7300  tons  ascending  a  0.3  percent  grade  or  a  train 
ot  100  cars  each  carrying  50  tons.  The  largest  engine  in  the 
Baltimore  and  Ohio  service  is  the  Mallet,  Fig.  16,  and  weighs 

jr1  tons  mcludine  tender.  It  has  a  tractive  power  of  105  000 
b.  and  a  length  of  93  ft.  over  all.  There  are  two  26  in.  and 
t«o  41  in.  cylinders  having  32 in.  stroke.  Each  pair  of  cylin¬ 
ders  is  connected  with  four  driving  axles  having  a  total  of  16 
wheels  56  in.  in  diameter.  The  Baltimore  and  Ohio  was  the 
hrst  railroad  in  America  to  use  the  Mallet  type  of  locomotive, 
the  earliest  one  having  been  built  in  1904  by  the  American 
Locomotive  Company.  The  total  weight  of  this  locomotive  and 

Wt*h  7Qf I'J  •  the  traetiVe  P°"'er  71  500  ,b-5  the  total 

nr.tb  79  ft.  5  in.;  diameter  of  cylinders  32  in.  and  20  in.  by  32 

in  stroke.  Each  pair  of  cylinders  is  connected  to  three  driving 
axles  having  12  wheels  56  in.  in  diameter.  Tt  will  be  noted  that 
he  "’e'Sbt  and  power  of  this  type  of  engine  has  been  largely 
increased.  The  Mallet  engines  are  now  used  as  helpers  on  some 
or  the  heavy  mountain  grades. 

|  -  T1'e  Erie  Railroad  Triple  E  Type,  Fig.  17.  is  the  latest  de¬ 

sign  of  heavy  locomotive.  Tt  was  built  by  the  Baldwin  Loco- 


Fig.  15.  The  Class  “S”  or  “Centipede”  Locomo  tive. 
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motive  Works  and  tested  on  the  Philadelphia  Division  of  the 

Baltimore  and  Ohio  Railroad.  The  engine  has  a  total  weight, 

including  tender,  of  422  tons,  with  tractive  power  of  160  000  lb. 

The  length  from  base  of  truck  wheel  to  base  of  tank  trailer 

wheel  is  90  ft.,  making  the  total  length  over  all  more  than  100  ft. 

There  are  two  high  pressure  and  four  low  pressure  cylinders, 

36  in.  diameter  and  32  in.  stroke.  Each  pair  of  cylinders  is 

connected  to  four  driving  axles  having  a  total  of  24  wheels  56  in. 

in  diameter.  Eight  of  the  driving  wheels  are  located  under  the 
tender. 

A  comparison  of  the  principal  dimensions,  weights  and 
capacities,  etc.,  of  the  B.  &  O.  Mikado,  Centipede,  Mallet  and  the 

Erie  Triple  “E”  Type— Matt  H.  Shay-locomotives  is  shown  in 

Table  No.  1. 

TABLE  NO.  1  • 

COMPARISON  OF  LOCOMOTIVES 


Cylinders 

High  Pressure . 

Low  Pressure . 

Boiler 

Diameter . 

Working  Pressure . 

Heating  Surface 

Total . 

Driving  Wheels 

Diameter  Center . 

Wheel  Base 

Driving . 

Rigid . 

Total  Engine . 

Total  Engine  &  Tender.  . 

Tank 

Water  Capacity . 

Coal  Capacity . 

Weight 

On  all  driving  wheels... 

Total  Engine  &  Tender.. 

Tractive  Pozcer . 

DEVELOPMENT  OF  THE  FREIGHT  CAR 

The  first  cars  placed  on  the  railroad  and  drawn  by  horses 
could  be  likened  to  the  small  cars  now  used  in  construction 
work.  They  were  capable  of  carrying  about  two  tons.  The  four 
wheels  30  m.  in  diameter  were  made  to  run  on  grooved  wooden 
rails,  laid  on  stone  sills.  This  method  was  soon  superseded  by 


B.  &  O. 

B.  &  O. 

B.  &  O. 

ERIE 

Mikado 

Centipede 

Mallet 

Matt  II.  Shay 

2-S-2 

2-10-2 

0-8-8-0 

2-8-8-8-2 

26"  X  32" 

30"  X  32" 

2—  26"  X  32" 
2—  41"  X  32" 

2 —  36"  X  32" 
4—  36"  X  32" 

5 

CO 

tv. 

90" 

90" 

94" 

190  lb. 

200  lb. 

210  lb. 

210  lb. 

3970  sq.  ft. 

55.73  sq.  ft. 

5541  sq.  ft. 

6886  sq.  ft. 

56" 

50" 

56" 

56" 

16'  9" 

21'  0" 

40'  8" 

71'  6" 

16'  9" 

35'  0" 

21'  0" 

40'  3" 

15'  0" 

40'  8" 

16'  6" 

71'  2H" 

76'  6" 

77'  2Ya" 

90'  0" 

9500  gal. 

10  000  gal. 

9500  gal. 

10  000  gal. 

16  tons 

16  tons 

16  tons 

16  tons 

222  000  lb. 

336  800  lb. 

461  000  lb. 

753  600  lb. 

460  000  lb. 

584  000  lb. 

642  500  lb. 

845  050  lb. 

54  600  lb. 

84  000  lb. 

105  000  lb. 

160  000  lb. 

Fig.  16.  The  Mallet  Locomotive  and  “Atlantic”  Locomotive. 
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wheels  having  flanges  on  the  outside  which  were  run  on  iron 
straps  that  were  spiked  to  the  wooden  sills.  At  about  the  same 
time  other  experiments  were  made  and  wheels  were  developed 
vn  ith  flanges  on  the  inside  which  were  run  on  the  iron  straps 
having  the  inside  lines  to  gauge.  Fig.  18  shows  a  line  drawing 
of  the  early  freight  car  designed  for  carrying  flour  between 
Ellicott  Mills,  where  flour  mills  were  located  to  utilize  the  water 
power  of  the  Patapseo  River,  and  Baltimore,  13  miles. 

Soon  after  the  operation  of  the  road  it  became  evident  that 
a  closed  car  would  be  necessary  for  the  protection  of  freight 
and  passengers  from  the  elements  and  the  box  car  and  the 
passenger  coach  were  developed.  These  cars  were  of  light 
wooden  construction  and  instead  of  four  wheels  they  were  placed 
on  two  sets  of  trucks  having  four  wheels  each.  The  Ross 

Winans  passenger  coach,  Fig.  19,  was  run  on  the  first  railroad 
in  1832. 

The  size  and  capacity  of  the  freight  car  grew  with  the 
increased  traffic  and  expansion  of  the  railroad.  In  1902  the 
average  capacity  of  the  freight  car  on  the  Baltimore  and  Ohio 
was  about  29  tons;  today  it  is  42  tons,  an  increase  of  45  percent 
in  12  years.  The  largest  freight  car  of  today  is  a  steel  coal  car, 
having  12  wheels  and  a  carrying  capacity  of  100  tons,  used  by 
the  Norfolk  &  Western  Railway. 


GROA\  TII  OF  THE  BALTIMORE  AND  OHIO 

It  is  interesting  to  note  Table  No.  2,  showing  the  miles  of 
road  operated,  gross  earnings  and  earnings  per  mile  of  road 
m  the  early  days  as  compared  with  the  present  time,  and  it  indi¬ 
cates  the  wonderfully  rapid  growth  which  has  taken  place. 


Year 

1831 

1834 

1844 

1854 

1864 

1874 

1884 

1894 

1904 

1913 


TABLE  NO.  2 


COMPARISON  OF  EARNINGS 

Mileage  Gross  Earnings 

Per  Mile 

13 

$31  405 

$2  416 

72 

205  436 

2  853 

210 

870  809 

4  1 47 

410 

4  014  839 

9  792 

514 

10138  876 

19  725 

1011 

14  947  090 

14  785 

1711 

19  436  607 

11  360 

2065 

22  502  062 

li)  897 

3987 

65  071  081 

16  321 

4456 

101  556  131 

22  791 

Fig.  17.  The  Erie  Railroad  Triple  “E”  Type  Locomotive. 

The  “Matt  H.  Shay.” 
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The  capital  investment  in  the  Baltimore  and  Ohio  Kail- 
road  in  1832  was  less  than  $4  000  000,  which  included  large 
damage  expenditures  paid  to  the  Chesapeake  and  Ohio  Canal 
Company.  The  total  capital  investment  of  the  Baltimore  and 
Ohio  in  1913,  including  stocks,  bonds  and  other  securities,  ag¬ 
gregated  over  $700  000  000. 

The  mileage  of  railroads  operated  in  the  United  States  now 
is  over  249  900,  the  total  gross  annual  revenue  being  nearly 
$3  ()()()  000  000.  The  number  of  employes  actually  engaged  in 
railroad  work  in  the  United  States  now  is  more  than  1  500  000, 
whose  wages  amount  to  $1  250  000  000  yearly. 

THESE  DEVELOPMENTS  WITHIN  MEMORY  OF  ONE  MAN  NOW  LIVING 

There  is  living  in  Cumberland,  Maryland,  the  first  agent 
of  the  Baltimore  and  Ohio  at  that  point,  Judge  Oliver  Gephart. 
In  company  with  his  father  he  -attended  the  laying  of  the  corner¬ 
stone  of  the  Baltimore  and  Ohio  at  Mt.  Clare,  Baltimore,  and 
remarked  at  the  time  that  it  was  his  desire  to  reach  the  age 
of  Charles  Carroll  of  Carrollton,  who  was  then  past  90.  Mr. 
Gephart  is  now  past  96  years  of  age,  is  in  full  possession  of  all 
his  faculties  and  his  reminiscences  are  extremely  interesting. 
ITe  worked  on  the  grading  of  the  canal  near  Cumberland,  and 
associated  himself  with  the  Baltimore  and  Ohio  in  its  early  days. 

"While  serving  as  ticket  agent  at  Cumberland  he  studied  law. 
was  admitted  to  the  Maryland  Bar  and  later  became  Judge  of 
the  Orphans’  Court.  He  is  a  very  well-known  and  influential 
citizen  of  Cumberland  and  takes  a  keen  interest  in  everything 
pertaining  to  his  home  city.  Pie  is  a  director  of  the  Second 
National  Bank,  one  of  the  strongest  banks  in  the  State  of  Mary¬ 
land,  and  for  39  years  has  attended  the  directors’  meetings 
regularly. 

Thus  within  the  memory  of  one  man,  or  over  a  period  of  80 
years,  the  American  railroad  transportation  machine  has  de¬ 
veloped  from  stage  coach  to  steel  passenger  train.  Out  of  the 
old  stage  coach  days  and  the  period  of  early  railroading  Judge 
Gephart  has  passed  to  our  time  with  its  fast  engines,  dining 
cars  and  automobiles  to  meet  them.  It  is  now  possible  for  him 
to  travel  in  one  day,  surrounded  by  comforts  undreamed  of, 
a  distance  which  would  have  required  a  vreek  in  his  boyhood. 
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EARLY  DESIGNS  OF  BRIDGE  TRUSSES 

It  may  be  of  interest  to  remark  that  Messrs.  Wendell  Boll- 
man  and  Albert  Fink,  the  designers  of  trusses  bearing  their 
names,  were  at  one  time  employes  of  the  Baltimore  and  Ohio.  A 
good  example  of  the  Boll  man  truss  exists  today  in  the  highway 
bridge  crossing  the  Potomac  River  at  Harpers  Ferry.  The  Boll- 
man  truss  consists  of  a  series  of  hollow  tubes  connected  from  the 
tops  of  the  end  posts  to  each  panel  point  of  the  lower  chord. 


Fig.  19.  The  Ross  Winans  Passenger  Coach. 

and  is  so  designed  that  every  point  on  the  panel  is  self-support¬ 
ing  and  can  be  removed  for  repairs  without  disturbing  any  other 
member.  Fig.  20  shows  a  single  span  Bollman  truss  bridge,  in 
use  at  the  present  time  on  the  Pulp  Mill  Spur  of  the  Baltimore 
and  Ohio  at  Harpers  Ferry.  Fink  was  employed  as  a  draftsman 
in  the  Mt.  Clare  Shops.  He  became  very  much  interested  in 
the  Bollman  design  and  developed  what  is  known  as  the  Fink 
truss,  which  was  considered  an  improvement  on  the  former. 
As  you  know,  the  Fink  truss  is  used  on  many  highways  and  in 


842  PROCEEDINGS  ENGINEERS '  SOCIETY  WESTERN  PENNA. 

some  instances  by  railroads.  He  also  designed  the  roof  trusses 
now  in  use  in  the  Mt.  Clare,  Martinsburg  and  Grafton  round¬ 
houses. 

HISTORICAL  RAILROAD  COLLECTION 

The  Baltimore  and  Ohio  has  preserved  a  large  collection  of 
historical  locomotives,  track  fixtures,  cars  and  records  which  was 
exhibited  at  the  World’s  Fair  at  Chicago  in  1893,  and  at  the 
Louisiana  Purchase  Exposition  at  St.  Louis  in  1904.  This  ex¬ 
hibit  is  stored  in  a  large  building  of  the  Company  at  Martins¬ 
burg,  W.  Va.,  and  may  be  examined  by  any  one  caring  to  go 
there.  It  consists  in  general  of  about  15  original  and  45  full 
sized  wooden  models  showing  the  development  of  early  locomo¬ 
tives.  There  are  examples  of  the  early  freight  cars  and  pass¬ 
enger  coaches  and  about  2200  pictures  of  all  kinds  of  vehicles 
used  in  various  parts  of  the  world,  including  an  ox  cart  that  was 
in  service  2300  years  ago.  All  stages  of  the  development  of 
transportation  and  motive  power,  beginning  with  Sir  Isaac 
Newton’s  ‘‘Idea”,  early  in  the  eighteenth  century,  up  to  the 
present  time  are  covered  by  the  collection. 

» 

SURVEYS  AND  CONSTRUCTION  OF  LINE 
EARLY  SURVEYS 

Some  interesting  facts  in  connection  with  the  early  surveys 
point  to  the  unusual  care  and  extreme  accuracy  taken  by  the 
Engineers  in  their  work.  The  maps  were  elaborate  and  much 
care  was  given  to  the  topographical  work.  It  seems,  in  fact, 
that  more  time  than  necessary  was  used  in  compiling  notes  and 
maps,  particularly  with  reference  to  their  lettering  and  titles. 

Various  routes  were  surveyed  from  Baltimore  to  the  Ohio 
River,  many  of  which  would  not  have  been  necessary  had  gen¬ 
eral  maps  been  available.  So  little  was  known  of  the  country, 
however,  that  divers  routes  were  followed,  some  of  which  proved 
to  be  impracticable. 

As  an  evidence  of  the  thoroughness  of  the  work  of  the  early 
engineers  it  might  be  said  that  in  recent  studies  made  for 
changes  in  grade  and  alignment,  reference  to  the  original  sur¬ 
veys  disclosed  the  fact  that  practically  every  feasible  line  had 
been  studied,  but  the  line  decided  upon  generally  had  been 
adopted  because  of  the  lower  cost  of  construction. 


Fig.  20.  A  Bollman  Truss  Bridge. 
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PLANES  CROSSING  PARRS  RIDGE  AND  ROUTE  VIA  MT.  AIRY 

One  of  the  most  interesting  features  in  connection  with  the 
early  surveys  was  the  route  over  the  first  summit  west  from  Bal¬ 
timore  known  as  Parrs  Ridge.  It  being  thought  that  locomo¬ 
tives  could  not  be  used  on  grades  exceeding  27%  ft.  to  the  mile, 
a  system  of  planes  with  stationary  engines  at  the  tops  was  de¬ 
signed  to  carry  the  cars  over  the  summits.  On  the  map  and  pro¬ 
file,  Fig.  21,  are  shown  the  three  locations  of  the  line  over 
Parrs  Ridge.  First,  there  is  the  system  of  planes,  the  grades  of 
which  varied  from  3.1  to  4.9  percent.  Second,  is  shown  the  cir¬ 
cuitous  route,  via  Mt.  Airy,  established  in  1839.  the  maximum 
grade  of  which  was  1.5  percent.  Third,  is  shown  the  Mt.  Airy 
cut-off  completed  in  1902.  which  follows  closely  the  original  line  of 
planes,  and  has  a  tunnel  2700  ft.  long  near  the  summit. 

Plane  No.  1  was  approached  from  the  east  by  an  ascending 
0.74  percent  grade  to  the  foot  of  the  incline,  636  ft.  above  sea 
level,  at  which  point  the  grade  ascends  on  tangent  at  the  rate 
of  3.1  percent  to  an  elevation  of  716  ft.  At  the  summit  of 
Plane  No.  1  there  is  a  level  grade  for  a  distance  of  about  3300 
ft.,  the  alignment  of  which  is  practically  a  compound  reverse 
curve  3  deg.  to  2  deg.  left  and  11  deg.  right. 

Plane  No.  2  ascends  from  the  716  ft.  level  to  the  summit  of 
the  mountain,  828  ft.  in  elevation.  This  incline  is  on  tangent 
and  has  a  3.3  percent  ascending  grade.  The  line  on  the  west 
side  of  the  mountain  descends  to  the  576  ft.  level  through  two 
inclines,  Nos.  3  and  4. 

Plane  No.  3  is  on  tangent  and  has  grade  of  4.9  percent 
descending  172  ft.  to  the  656  ft.  level.  This  was  the  longest  and 
steepest  grade  over  the  mountain.  At  the  foot  of  Plane  No.  3 
there  is  a  level  section  of  the  old  line  about  3  600  ft.  in  length 
the  alignment  of  which  includes  three  curves,  9  deg.  30  min. 

left.  5  deg.  right  and  14  deg.  left. 

Plane  No.  4  descends  from  the  656  ft.  elevation  to  576  ft. 
The  grade  is  about  3.6  percent.  An  inspection  of  the  old  line 
indicates  there  was  considerable  excavation,  especially  on  the 
planes.  Traces  of  the  old  roadbed  are  easily  followed  for  the 
entire  length  of  line  except  at  points  covered  by  the  construc¬ 
tion  of  the  Mt.  Airy  Tunnel  Line. 
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The  inclined  planes  were  located  for  stationary  engines 
which  were  used  together  with  horses  in  operating  the  section 
of  line  crossing  Parrs  Ridge.  It  was  on  these  planes  that  the 
first  tests  were  made,  by  the  Chief  Engineers,  to  determine  what 
grade  a  locomotive  could  overcome.  Based  somewhat  on  the 
results  of  these  experiments,  trunk  lines  were  later  built  in  the 
West  with  grades  from  3  to  4  percent. 

By  the  abandonment  of  the  planes  in  1839  and  the  estab¬ 
lishment  of  a  line  by  way  of  INI t.  Airy  with  a  maximum  grade 
of  1.5  percent,  a  saving  in  operation  of  $20  000  per  year  was 
effected,  and  the  time  of  freight  trains  between  Harpers  Ferry 
and  Baltimore  was  reduced  48  hours.  This  line  increased  the 
distance  about  4600  ft.  and  has  been  in  continuous  operation 
since  first  opened. 

MT.  AIRY  CUT-OFF 

On  February  28,  1900,  and  April  4,  1901,  the  Board  of 
Directors  authorized  the  expenditure  of  $1  137  286  for  the  con¬ 
struction  of  a  new  line  over  the  mountain  known  as  the  Mt. 
Airy  Cut-Off.  Surveys  were  completed  and  the  line  constructed 
along  the  route,  paralleling,  crossing  and  recrossing  the  line 
of  the  old  planes.  The  summit,  about  710  ft.  above  sea-level,  is 
reached  by  a  maximum  0.88  percent  grade.  A  two-track  tunnel 
2700  ft.  in  length  was  constructed  through  the  mountain,  the 
east  portal  of  which  is  about  1000  ft.  from  the  summit  of  the 
line.  The  Mt.  Airy  Cut-Off  was  completed  in  August,  1902,  and 
marked  a  decided  improvement.  The  grades  were  lowered,  com¬ 
pared  with  the  old  line  via  Mt.  Airy,  from  iy2  percent  to  about 
0.88  percent  compensated.  A  saving  of  4860  ft.  in  distance  and 
449  deg.  in  curvature  resulted.  The  cost  was  $1  310  819. 

•  The  sketch  map.  Fig.  21,  indicates  three  steps  of  railroad 
development : 

1.  The  location  of  inclined  planes  across  the  mountain  in 
1832  operated  by  stationary  engines  and  ropes,  when  it  was 
thought  that  a  grade  greater  than  27  y2  ft.  to  the  mile  would 
not  be  practical  for  the  steam  locomotive. 

2.  After  it  was  determined  that  the  operation  of  the  steam 
locomotive  was  practical  on  heavier  grades,  the  circuitous  route 
through  a  gap  near  Mt.  Airy  was  constructed,  having  a  maxi- 
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mum  grade  of  80  ft.  to  the  mile,  thus  doing  away  with  the  in¬ 
clined  planes  and  the  heavy  expense  of  their  operation. 

3.  The  construction  of  a  shorter  low  grade  line  by  a  tunnel 
through  Parrs  Ridge  summit,  thus  decreasing  the  cost  of  opera¬ 
tion  by  permitting  larger  train  loading,  less  curvature  and 

distance. 

This  is  one  of  the  best  examples  in  development  of  railroad 
location  which  has  ever  come  under  my  notice.  The  original 
line  with  the  planes  was  built  over  the  lowest  summit,  and  be¬ 
cause  of  the  heavy  grade  stationary  engines  were  used  to  haul 
the  cars  over  the  ridge. 

To  do  away  with  the  planes,  development  was  made  using 
distance  to  reduce  grade.  Finally,  with  the  improved  machinery 
for  handling  excavation,  a  return  to  the  location  near  the 
planes  was  made  and  a  tunnel  constructed  at  the  summit.  I  his 
indicates  clearly  how  the  theory  and  practice  of  railroad  loca¬ 
tion  developed. 


SURVEYS  PROM  ITARPERS  FERRY  TO  CUMBERLAND  AND  BEYOND 


Details  of  the  studies  covering  a  period  of  17  years,  of 
the  proposed  routes  from  Harpers  Ferry  to  Cumber¬ 
land  and  over  the  mountains  to  the  Ohio  River,  are  very  inter¬ 
esting.  Many  routes  were  surveyed  between  Harpers  Ferry 
and  Cumberland,  in  which  territory  the  Magnolia  Cut-Off  im¬ 
provement  is  located.  The  present  line,  'which  was  the  one 
adopted,  follows  in  a  circuitious  route  the  south  bank  of  the 
Potomac  River  from  Cherry  Run  to  Cumberland,  a  distance  of 
62  miles. 

The  work  beyond  Harpers  Ferry  was  arrested  on  account 
of  a  clause  in  the  compromise  of  1832  with  the  Canal  Company 
relative  to  the  Point  of  Rocks.  This  clause  bound  the  Railroad 


Company  not  to  attempt  to  ascend  the  Potomac  beyond  Harpers 
Ferry  until  the  canal  should  be  completed  to  Cumberland,  pro¬ 
vided  this  be  done  in  the  time  allowed  by  the  existing  charter 
of  the  Canal  Company.  This  agreement  necessitated  cross¬ 


ing  the  river  to  "West-  \  irginia  at  Harpers  k 
crossing  back  into  Maryland  near  Cumberland. 
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agreed  that  in  consideration  of  financial  assistance  from  the 
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ginia.  This  agreement  was  made  previous  to  the  formation  of 
West  Virginia  as  a  sovereign  state. 

Preliminary  surveys  from  Harpers  Ferry  to  the  Ohio  River 
together  with  estimate  of  cost  were  prepared  by  Benjamin  IT. 
Latrobe  in  1838.  A  satisfactory  route  to  the  Ohio  River,  em¬ 
bracing  both  Wheeling  and  Pittsburgh,  was  established  at  a 
maximum  grade  of  66  ft.  to  the  mile,  the  estimated  cost  of  con¬ 
struction  for  a  single  track  from  Cumberland  to  the  Ohio  River, 
a  distance  of  200  miles,  being  $9  500  000,  or  $47  500  per  mile. 

The  Maryland  Legislature  of  1835-1836  removed  the  re¬ 
strictions  in  connection  with  the  Chesapeake  and  Ohio  Canal 
project,  thus  permitting  the  construction  of  the  railroad  to  be 
carried  forward  more  rapidly.  In  the  spring  of  1836  vig¬ 
orous  measures  were  taken  to  extend  the  road  westward  from 
Harpers  Ferry  and  an  engineering  force  was  organized  for 
making  detailed  surveys  and  examinations  between  Harpers 
herrv  and  the  summit  of  the  Allegheny  Mountains  with  a  view 
of  pushing  the  railroad  through  to  Wheeling  and  Pittsburgh. 

Under  instructions  given  by  Philip  E.  Thomas,  President 
of  the  Baltimore  and  Ohio  Railroad,  Benjamin  H.  Latrobe  was 
appointed  to  the  position  of  Engineer  of  Location  and  Con¬ 
struction  on  July  1,  1836,  and  took  immediate  charge  of  the 
engineering  work  in  the  mountainous  country  over  which  the 
surveys  had  to  be  carried.  The  importance  of  leaving  unex- 
a mined  no  practical  route  of  the  many  that  had  presented 
themselves  rendered  the  labors  of  the  engineers  necessarily  very 
tedious  and  prolonged. 

Four  surveying  parties  were  organized  and  sent  into  the 
held  according  to  the  following  distribution: 

The  first  party  was  directed  to  survey  a  route  between 
Harpers  Ferry  and  the  eastern  entrance  of  the  North  Mountain 
pass  of  the  Potomac  River  on  the  Maryland  side. 

The  second  party  had  instructions  to  extend  the  line  up  the 
river  on  the  Maryland  side  from  North  Mountain. 

The  third  party  was  to  begin  the  line  at  Cumberland  and 

come  eastward  down  the  river  in  Maryland  and  meet  the  second 

party. 

The  fourth  party  was  directed  to  start  at  Cumberland  and 
work  westward,  surveying  routes  over  the  mountains. 
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Early  in  the  month  of  July,  1837,  the  second  and  third 
parties  completed  the  preliminary  surveys  between  North  Moun¬ 
tain  and  Cumberland. 

After  effecting  a  junction  of  the  lines  on  the  Maryland 
side  of  the  Potomac,  it  was  intended  to  survey  lines  on  the  Vir¬ 
ginia  side  of  the  river,  between  North  Mountain  and  Cumberland ; 
but  the  unhealthy  part  of  the  season  in  this  valley  being  near 
at  hand,  the  work  was  delayed  until  later  in  the  year.  The 
survey  under  direction  of  the  first  party  was  closed  about 
August,  1836.  It  passed  from  a  point  near  Weverton,  a  few 
miles  below  Harpers  Ferry,  and  thence  to  North  Mountain 
through  Pleasant  Valley,  Boonsborough  and  Hagerstown.  This 
party  then  proceeded  to  make  a  survey  beginning  from  a  point 
near  Harpers  Ferry  and  pursuing  the  more  level  route  along  the 
ravine  of  the  Potomac  River  and  Antietam  Creek,  avoiding  the 
summit  encountered  upon  the  route  through  Pleasant  Valley. 

The  original  route  as  surveyed  between  Weverton  and 
Cumberland  was  about  108  miles  long,  making  the  total  dis¬ 
tance  between  Baltimore  and  Cumberland  18/  miles  while  the 
distance  over  lines  as  constructed  is  177  miles.  The  line  as 
surveyed  through  Pleasant  Valley  had  about  a  1.0  percent  grade 
and  avoided  the  Chesapeake  and  Ohio  Canal  from  Weverton  to 
North  Mountain,  42  miles,  and  from  the  mouth  of  Fifteen  Mile 
Creek  to  Oldtown,  19  miles,  or  a  total  of  61  miles.  This  left 
the  distance  from  North  Mountain  to  Hancock  16  miles,  with 
15  miles  additional  to  the  mouth  of  Fifteen  Mile  Creek,  as  well 
as  16  miles  from  Oldtown  to  Cumberland,  making  47  miles  in 
all,  situated  in  the  immediate  vicinity  of  the  river  and  often  in 
contact  with  the  line  of  the  canal  for  a  considerable  distance. 

A  summary  describing  the  general  characteristics  of  the 
route  surveyed  through  the  valley  of  the  Potomac  from  near 
Harpers  Ferry  to  Cumberland  follows : 

1.  From  a  point  near  Harpers  Ferry,  then  the  termination 
of  the  road,  to  the  Narrows  at  North  Mountain,  there  were 
two  feasible  routes,— one  from  Weverton  by  Pleasant  Valley, 
Boonsborough  and  Hagerstown,  43  miles  in  length,  avoiding  the 
river,  and  consequently  the  canal  for  the  whole  distance;  the 
other  from  Harpers  Ferry  by  the  valleys  of  the  Potomac  and 
Antietam,  36  miles  in  length,  avoiding  contact  with  the  canal 
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by  means  of  a  viaduct  over  the  river  at  the  mouth  of  Antietam 

Creek. 

f*  From  the  Narrows  at  North  Mountain  for  a  distance 
of  1  <  miles  to  a  point  3  miles  above  Hancock,  there  was  a  favor¬ 
able  route  along  the  Maryland  shore  of  the  river  without  much 
embarrassment  from  the  canal,  and  making  questionable  the 
expediency  of  crossing  the  river  to  avoid  it. 

3.  From  the  point  last  noted  to  the  mouth  of  Fifteen  Mile 

Creek,  a  distance  of  Id  miles,  the  two  works  would  be  in  frequent 

contact  unless  avoided  by  two  or  more  crossings  of  the  river  bv 
the  railroad. 

■i.  From  the  mouth  of  Fifteen  Mile  Creek  to  Oldtown 
there  were  two  practical  routes,  each  about  20  miles  in  length 
the  one  by  the  river  valley  occasionally  interfering  with  the 
canal,  and  the  other  by  the  valleys  drained  by  Fifteen  Mile  and 
I  own  (  reeks,  cutting  across  the  country  north  of  the  river  and 
keeping  clear  ot  the  canal  altogether. 

From  Old  Town  to  Cumberland,  16  miles,  the  route  was 
confined  to  the  river,  but  had  its  choice  of  the  two  sides  alter¬ 
nately  and  if  occupying  the  Maryland  shore  altogether,  was 
brought  into  numerous  contacts  with  the  canal. 

The  distance  from  Weverton  to  Cumberland  was  108V, 
miles  by  the  Pleasant  Valley  route  and  104V,  miles  by  the  An¬ 
tietam  route.  The  surveys  along  the  Virginia  shore  of  the  Poto¬ 
mac  having  been  held  up  in  August.  1836,  on  account  of  sickness 
in  the  first  party,  were  again  carried  forward  in  April  1837 
when  a  party  ran  a  line  up  the  Virginia  shore  of  the  Potomac 
from  Harpers  Ferry  to  the  mouth  of  Antietam  Creek,  tying  in 

a  that  point  with  the  line  along  the  Maryland  side,  surveyed 
tne  previous  year. 

A  line  was  run  by  way  of  Elk  Run.  Tuscan*™  and  Tu- 
hsses  Branches,  passing  near  Martinsburg,  the  county  seat  of 

♦*+*.*«  C°Unty’  Vlrglnia’  antl  re-entering  the  Potomac  Valiev 
a  the  North  Mountain  Narrows.  A  line  was  also  run  following 
the  Winchester  and  Potomac  Railroad  from  Harpers  Ferry  to 

all.own,  6  miles,  and  thence  5  miles  to  the  line  bv  Elk  Run 
noted  previously.  '  un' 

and  WJUly’f!837’  -he  Chart6r  from  tl,e  State  of  Virginia  lapsed 
ami  before  attempting  to  proceed  further  with  the  work  it  was 
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necessary  to  make  application  for  the  renewal  of  the  charter 
I  rom  that  state.  A  law  was  passed  in  1838  extending  the  time 
tor  completing  the  work  five  years,  but  it  deprived  the  Company 
ot  the  option  of  selecting  between  tbe  routes  in  the  State  of 
Maryland  and  those  in  tbe  State  of  Virginia,  between  Harpers 
Ferry  and  Cumberland.  On  account  of  this  law  the  Company 

was  obliged  to  adopt  tbe  Virginia  route,  entering  that  state  at 
Harpers  Ferry. 

g  1  here  "ere  many  conditions  which  appeared  to  give  a  de- 
cided  preference  to  the  occupation  of  the  Virginia  territory  be¬ 
tween  Harpers  Ferry  and  Cumberland  among  which  were  the 
fertile  valleys  bordering  on  the  tributaries  of  the  Potomac  River: 
the  avoidance  of  any  collision  with  the  Chesapeake  and  Ohio 
(  anal,  then  far  advanced  in  its  construction,  and  with  other 
works  projected  as  rivals  both  to  the  railroad  and  for  the  trade 
ot  Maryland;  and  the  vastly  cheaper  work  through  the  State 

of  Virginia  which  amounted  to  $2  625  000  in  favor  of  the  Vir- 
ginia  line. 

rile  route  of  the  road  between  Harpers  Ferry  and  Cum- 

berland  thus  definitely  determined,  the  engineers  were  promptly 

organized  and  the  location  work  was  completed  in  October.  Most 

o  the  contracts  were  signed  in  August  and  tbe  work  commenced 
in  September,  1839. 

The  work  was  carried  on  effectively  and  completed  as  far 
as  Hancock,  a  distance  of  41 14  miles  from  Harpers  Ferry  in 
une,  1842,  and  in  November  of  tbe  same  year  it  was  opened 
through  to  Cumberland,  a  total  distance  of  97  miles,  and  fol¬ 
lowed  in  general  the  line  as  it  exists  today. 

This  route  may  be  described  as  beginning  at  Harpers  Ferrv 
passing  30  miles  through  tbe  valley  of  Virginia  and  at  some 
distance  Irom  the  Potomac,’ until  opposite  old  Fort  Frederick. 

"  it  mi  12  miles  of  Hancock,  where  it  returned  to  the  river. 

e  grades  throughout  this  distance  are  40  ft.  to  the  mile  and 
curves  have  a  radius  of  not  less  than  1000  ft.  The  route  then 
follows  tbe  bank  of  the  river  to  Cumberland,  cutting  off,  how¬ 
ever,  the  great  bends  at  Doe  Gully  and  the  Paw  Paw  Ridge  Six 
miles  east  of  Cumberland  it  crosses  from  Virginia  into  Marv- 

a,U  b‘V  f  V'aduct  over  North  Branch  of  the  Potomac  and 
■pc  es  tie  ational  Road  in  the  eastern  margin  of  the  town. 


t,  rti.Tmm  Prnfllo  of  Rast  Km!  Cumberland  Division. 
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From  old  Fort  Frederick  to  Cumberland,  67  miles,  the 
grades  do  not  exceed  26  jo  ft.  to  the  mile  and  the  curvatures  are 

generally  large,  the  least  radius,  and  that  in  but  one  instance 
being  637  ft. 

The  bridge  at  Harpers  Ferry  was  built  according  to  the 
requirements  of  the  l  nited  States  Government,  as  the  consider¬ 
ation  for  passing  over  public  property.  It  was  1700  ft.  long 
and  supported  on  walls  and  pillars  of  stone  and  columns  of 
east  iron.  This  bridge  is  still  standing  and  is  used  for  wagon 


Fig.  26.  Traffic  Density  Chart. 
East  End  Cumberland  Division. 
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traffic,  being  one  of  the  old  Bollman  truss  bridges,  few  of  which 
are  still  in  service. 

There  were  three  tunnels  on  the  route  to  Cumberland :  one 
immediately  above  Harpers  Ferry,  90  ft.  long:  one  at  Doe  Gully, 
1200  ft.  long;  and  the  third  at  Paw  Paw  Ridge,  250  ft.  in 
length.  The  Harpers  Ferry  tunnel  was  eliminated  in  1906  and 
the  Paw  Paw  tunnel  in  1907.  Doe  Gully  tunnel,  which  will  be 
eliminated  early  in  1915,  marks  the  elimination  of  all  tunnels 
on  the  old  line  between  Harpers  Ferry  and  (  umberland. 

The  map,  Fig.  22,  in  connection  with  the  various  surveys 
between  Baltimore  and  the  Ohio  River,  is  of  note.  It  was 
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drawn  from  data  prepared  in  1858,  and  shows  the  line  of  the 
Baltimore  and  Ohio  as  constructed  and  operated  at  that  time. 
Ihe  heavy  broken  line  shows  in  general  the  various  routes  that 
were  examined  and  surveyed  between  Baltimore,  Harpers  Ferry, 
Cumberland  and  Wheeling.  At  the  time  data  for  this  map  was 
prepared  the  line  to  Pittsburgh  was  not  completed,  there  being 

a  gap  between  Cumberland  and  Connellsville  which  was  finally 
coupled  in  1872. 

Table  No.  3  was  prepared  to  show  the  total  elevation  of 
ascending  grades  of  the  Baltimore  and  Ohio  between  tidewater 
and  the  Ohio  River  as  compared  with  other  lines. 

TABLE  NO.  3 


Total 

Highest 

From 

To  Ohio 

Ascent 

Elevation 

2064' 

Tidewater 

River 

2372' 

Allegheny 

2200' 

Newport  News 

Huntington 

3513' 

Hallitzin 

2567' 

Philadelphia 

Pittsburgh 

4934' 

Bluefield 

2265' 

Norfolk 

Kenova 

4309' 

Sand  Patch 

Baltimore 

Pittsburgh 

Railroad 

c.  &  o. 

PENNA. 
N.  &  W. 
B.  &  O. 


WI1V  THE  POTOMAC  RIVER  WAS  NOT  FOLLOWED 

After  the  Legislature  of  Virginia  in  1838  made  it  necessary 
to  keep  the  line  on  the  south  side  of  the  Potomac  River  between 
Harpers  Ferry  and  a  point  near  Cumberland,  the  location  as 
adopted  and  constructed  was  determined  without  delay,  the 
following  features  being  carefully  considered  in  this  connection: 

1.  On  account  of  the  limited  funds  of  the  Company  it  was 
desirable  to  avoid  heavy  construction  work. 

2.  The  line  located  and  constructed  through  Jefferson  and 
Berkeley  Counties,  Virginia,  touching  Martinsburg  and  passing 
through  North  Mountain  gap  to  the  Potomac  River  was  shorter 
than  the  circuitous  route  of  the  river  and  developed  a  very 
nourishing  agricultural  territory. 

3.  The  line  by  way  of  the  present  Doe  Gully  tunnel  at 
the  expense  of  a  heavy  grade  cut  out  the  long  route  that  fol¬ 
lowed  the  river  and  eliminated  many  degrees  of  curvature. 

For  reasons  which  seemed  good  and  sufficient  at  the  time, 
the  Baltimore  and  Ohio  was  located  and  constructed  along  the 
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Fig.  28.  Train  Location  Chart. 

TToot  V'.n fl  Cumberland  Division. 
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lines  as  described,  but  it  was  not  realized  how  fast  the  coal 
tonnage  would  develop  and  what  difficulties  would  be  brought 
about  /by  the  necessity  of  more  economical  operation.  If  a  new 
project  were  considered  at  this  time  for  handling  coal  from  the 
Maryland,  West  Virginia  and  Pennsylvania  coal  fields  to  tide¬ 
water,  undoubtedly  a  line  not  exceeding  a  0.2  percent  grade 
against  eastbound  traffic  could  be  built  over  these  ridges  to 
tidewater,  which  would  result  in  the  tidewater  terminal  being 
located  at  some  point  on  the  Potomac  River. 


FALL  of  river  and  possible  low  grade  line 

it  will  be  interesting  to  note,  in  connection  with  the  location 
and  grades  of  the  line  west  of  Harpers  Ferry,  Table  No.  4  which 
shows  different  elevations  above  tidewater  of  the  Potomac  River 
between  Georgetown,  D.  C.  and  Cumberland. 


TABLE  NO.  4 

FALL  OF  POTOMAC  RIVER 


Distance 

Elevation 

from 

above 

Mouth 

Tide 

Georgetown 

0.0 

0 

Harpers  Ferry 

61.5 

245 

Shepherdstown 

71.5 

280 

Dam  No.  4 

85.0 

319 

Dam  No.  5 

107.0 

357 

Cumberland 

185.0 

6  J  0 

Distance 

Fall 

Fall 

between 

between 

per 

Points 

Points 

Mile 

61.5 

245 

4.0 

10.0 

35 

3.5 

13.5 

39 

2.9 

22.0 

38 

1.7 

78.0 

253 

3.2 

Had  the  more  winding  route  of  the  river  been  followed  the 
entire  distance  from  Harpers  Ferry  to  Cumberland,  a  water 
grade  of  0.1  percent,  or  less,  westbound  would  have  been  pos¬ 
sible-  Where  the  line  diverged  from  the  river,  shortening  dis¬ 
tance  and  eliminating  curvature,  it  w'as  necessary  to  resort  to 

a  grade  of  about  40  ft.  to  the  mile,  or  approximately  0.8  per¬ 
cent. 


LOW  GRADE  LINE  FROM  COAL  REGION  TO  TIDEWATER 

In  January,  1844,  the  Board  of  Directors  of  the  Railroad 
was  officially  informed  by  the  President  of  the  Maryland  and 
New  York  Iron  and  Coal  Company,  that  having  secured  the 
requisite  funds  for  the  construction  of  a  railroad  from  the  mines 
to  Cumberland,  his  company  was  anxious  to  proceed  with  the 
work  if  the  charges  for  the  transportation  of  iron  and  coal  from 
the  mines  to  Baltimore  could  be  fixed  at  such  a  rate  as  would 


C.\ruf\r~Y  No.  519. 
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warrant  them  in  adopting  the  Baltimore  and  Ohio  for  the  trans¬ 
portation  of  their  products.  The  same  officer  also  proposed  a 
five-year  contract  after  the  completion  of  the  connecting  road 
to  furnish  the  Baltimore  and  Ohio  with  as  much  as  175  tons  of 
coal,  pig  iron  and  bar  iron,  for  300  days  in  the  year.  The 
proposition  was  finally  accepted  by  the  railroad  directors  and 
the  rate  of  1  1-3  cents  per  ton  mile  fixed  as  the  freight  charge. 
From  this  beginning  the  semi-bituminous  coal  trade  has  grown 
to  such  proportions  that  today  it'  requires  the  Baltimore  and 
Ohio  to  furnish  transportation  facilities  for  hauling  30  000  000 
tons  a  year,  the  gross  revenue  from  which  is  0.4  cents  per  ton 
hauled  one  mile. 

During  the  growth  of  this  great  business  from  the  Mary¬ 
land,  West  Virginia  and  Pennsylvania  coal  fields  to  tidewater, 
the  question  of  a  more  economical  operation  for  this  bulk  com¬ 
modity  has  been  constantly  studied.  Many  surveys  have  been 
made  covering  various  schemes  from  the  Fairmont  region  of 
West  V  irginia  to  tidewater.  From  surveys  made  during  the 
last  10  years  it  has  been  found  possible  to  establish  an  eastbound 
low-grade  line,  beginning  at  Van  Voorhis  on  the  Fairmont, 
Morgantown  and  Pittsburgh  Branch,  and  ascending  a  0.3  per- 
cent  grade  to  the  foot  of  a  20  mile  helper  grade  of  0.75  percent 
at  a  point  8  miles  west  of  Pinkerton,  on  the  Connellsville  Di¬ 
vision.  According  to  preliminary  surveys  and  estimates,  it  has 
been  found  that  it  would  require  an  expenditure  of  approxi¬ 
mately  $17  755  000  to  construct  a  newT  line  and  revise  the  present 
line  on  such  a  basis. 

At  the  summit  of  the  mountain  instead  of  following  the 
present  line  which  has  a  grade  of  1.23  percent  through  Sand 
Patch  tunnel,  another  line  has  been  found  commencing  at  Gar¬ 
rett,  Pa.,  having  a  0.3  percent  eastbound  grade,  with  a  tunnel 
13  500  ft.  in  length.  This  revision  would  require  an  expendi¬ 
ture  of  $4  312  000.  The  construction  of  these  new  lines  and 
i  revisions  would  permit  a  0.3  percent  operation  from  the  Fair¬ 
mont  coal  fields  eastbound  to  the  summit  of  the  Allegheny 
mountains,  having  a  helper  grade  of  20  miles.  The  grade  is 
|  descending  from  the  summit  of  the  mountain  eastward  until  the 
Magnolia  Improvement  work  is  reached.  At  this  point  the  com¬ 
pletion  of  the  new  improvement  will  permit  of  a  0.1  percent  east" 
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bound  operation  to  Cherry  Run  where  a  0.3  percent  helper  grade 
has  been  established  eastward  to  Hedgesville.  From  Hedgesville 
to  Harpers  Ferry  surveys  have  been  completed  which  show  that 
with  an  expenditure  of  $3  500  000  a  low  grade  line  can  be  con¬ 
structed,  having  a  maximum  eastbound  grade  of  0.1  percent.  East 
from  Washington  Junction  the  surveys  on  the  Adamstown  Cut- 
Off  show  that  this  line  can  be  revised  from  a  0.3  percent  to  a  0.2 
percent  grade,  and  on  the  Old  Main  Line  to  the  summit  of  Mt. 
Airy,  .16  miles,  the  maximum  1.06  percent  grade  established 
will  permit  a  0.2  percent  operation,  using  Mallet  helpers. 

These  surveys  covering  the  various  schemes  have  been  made 
looking  toward  the  future,  when  it  is  thought  that  the  great 
eastbound  tonnage  will  have  grown  to  such  proportions  that  a 
more  economical  operation  will  'be  necessary  and  the  very  large 
expenditure  will  be  justified  in  order  to  obtain  this  result. 

DIFFICULTIES  OF  EARLY  CONSTRUCTION  WORK 

Having  in  mind  the  modern  methods  of  handling  construc¬ 
tion  work,  particularly  the  machinery  and  explosives  used  in 
excavation,  the  many  difficulties  which  were  overcome  by  the 
men  who  first  undertook  the  construction  of  the  Baltimore  and 
Ohio  Railroad  seem  enormous.  As  ninety  percent  of  the  exca¬ 
vation  was  rock,  much  of  which  consisted  of  the  Gabbro  and 
Diabase  trap  rocks,  the  hardest  rocks  known,  the  difficulties  will 
be  appreciated. by  those  who  have  had  actual  experience  in  this 
1  character  of  work.  As  early  as  1830  a  cut  was  made  near  Bal¬ 
timore  consisting  of  310  000  cu.  yd.  and  having  a  maximum 
depth  of  /0  ft.  The  work  was  done  with  hand  tools  and  required 
|  18  months  of  day  and  night  work,  a  time  nearly  as  long  as  it 
has  taken  to  complete  the  Magnolia  Cut-Off.  With  the  absence 
ol  efficient  implements  the  construction  of  tunnels  such  as  Sand 
I  atch  and  Kingwood,  each  being  three-quarters  of  a  mile  long, 
must  have  been  very  tedious  and  trying. 

Labor  conditions  perhaps  caused  as  much  trouble  as  lack  of 
equipment,  (  amps  were  far  away  from  populated  districts  and 
it  was  difficult  to  transport  men  and  supplies,  all  of  which  re¬ 
sulted  in  trouble  between  the  contractors  and  their  men.  Fur¬ 
ther  difficulty  v'as  experienced  in  securing  money  with  which 
to  pay  the  workmen  and  strikes  resulted  frequently,  causing 
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serious  delay  to  the  work ;  demands  for  higher  wages  were  made 
by  the  men;  and  high  prices  were  charged  by  supply  houses  for 
materials  used  on  the  work. 

From  the  various  records  it  is  evident  that  the  importation 
of  liquor  to  the  camps  caused  demoralization  among  the  men 
at  times  and  the  efforts  of  some  of  the  contractors  to  break  up 
the  practice  resulted  in  fights  and  bloodshed. 

Serious  delays  were  also  caused  by  lack  of  action  on  the 
part  of  the  different  legislatures  of  the  states  through  which 
the  road  was  constructed,  a  particular  instance  being  in  the 
state  of  Virginia,  where  nearly  10  years  elapsed  before  proper 
legislation  was  secured  and  work  started  on  the  line  through 
Point  of  Rocks  and  west  of  Cumberland.  In  spite  of  these 
difficulties,  however,  a  good  road  was  built  and  much  perma¬ 
nent  construction  in  the  way  of  masonry  culverts  and  bridges 
was  secured  on  this  work.  An  illustrative  example  is  the  stone 
viaduct  at  Relay,  Md.,  Fig.  23,  which  was  constructed  in  1832 
and  is  still  in  service.  This  bridge  now  supports  a  double  track 
road  of  standard  13  ft,  centers,  carrying  many  times  the  weight 
for  which  it  was  originally  constructed. 

A  large  portion  of  the  yellow  pine  timber  which  was  used 
on  the  line  had  to  be  brought  from  North  Carolina  by  boat  to 
Georgetown,  D.  C.,  and  from  there  over  the  Chesapeake  and 
Ohio  Canal  and  the  Baltimore  and  Ohio  to  the  points  where  it 
was  used. 

Taking  into  consideration  the  conditions  under  which  the 
work  was  carried  on  in  the  early  days,  the  construction  of  this 
road  is  a  lasting  monument  to  the  energy,  foresight  and  ability 
of  the  men  under  whose  direction  it  was  built. 

NEED  FOR  THE  MAGNOLIA  CUT-OFF  IMPROVEMENT 

The  need  for  additional  facilities  east  of  Cumberland,  par¬ 
ticularly  between  Cumberland  and  Brunswick,  has  been  felt 
for  a  number  of  years.  The  Handling  of  bituminous  coal  from 
the  coal  fields  of  Maryland,  West  Virginia  and  Pennsylvania 
to  tidewater,  together  with  the  comparatively  heavy  movement 
of  fast  freight,  have  taxed  the  facilities  on  this  part  of  the  road. 
On  this  freight  run  of  102  miles,  see  Fig.  24,  there  were  three 
helper  grades,  two  of  which  were  between  Patterson  Creek  and 
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Martinsburg,  the  section  of  greatest  density  of  traffic.  The 
North  Mountain  helper  grade,  six  miles  in  length,  was  elimi¬ 
nated  for  slow  treight,  in  1903,  by  the  construction  of  a  0.3 
percent  low  grade  line  around  the  mountain  between  Cherry 
Run  and  Martinsburg.  The  first,  or  Hansrote,  helper  grade 
is  an  0.8  percent  ascending  grade  against  eastbound  traffic,  and 
is  two  and  one-half  miles  in  length.  It  was  on  account  of  this 
helper  grade  and  the  very  rough  country,  together  with  the 
circuitous  route  of  the  river,  that  this  section  of  the  road  re¬ 
mained  unimproved  pending  decision  in  regard  to  a  general 
change  which  would  eliminate  the  helper  grade,  shorten  the 
line  and  reduce  the  curvature. 


CHARACTER  OF  FREIGHT  TRANSPORTED  EAST  OF  CUMBERLAND 

There  is  a  diversified  business  handled  over  this  line,  the 
preponderance  of  which  is  soft  coal.  Table  No.  5  shows  the 
commodities  handled  by  the  Baltimore  and  Ohio  in  1913.  The 
East  End  of  the  Cumberland  Division  generally  handles  about 
the  same  proportion  of  the  business  as  shown  in  this  table. 


TABLE  NO.  5. 
FREIGHT  CLASSIFICATION 


Merchandise  .... 

Tons 

Percent 

Earnings 

Percent 

Products  of  agriculture.  . 
Products  of  animals  .  . . 

2.60 

5.55 

7  857  292 

6  796  480 

2  790  992 

37  774  893 

9.80 

8.47 

Products  of  mines  ... 

1.1/ 

3.48 

Products  of  forests 

ob. 59 

4.23 

16.81 

0.58 

3.47 

47.10 

Manufactures . 

Fertilizers  .... 

4  271  657 

17  540  521 

5.33 

21.87 

Miscellaneous  .... 

463  308 

0.58 

TOTAL 

2  699  347 

3.37 

Passengers  carried  1  mile 

100.00 

C07 

$80  194  490 
$15  537  078 

100.00 

Express  revenue  .  . . 

D  6  / 

Mail  revenue  .  . . 

.  1  909  550 

1  205  160 


POINTS  OF  INTERCHANGE  AND  DIVERGENCE  OF  TRAFFIC 

As  shown  in  Pig.  24,  the  points  of  interchange  with  other 
ailroads  are  as  follows : 

Cumberland 

Pennsylvania  Railroad  (Huntingdon  &  Broad  Top  Branch) 
(-Cumberland  and  Pennsylvania  Railroad. 

Georges  Creek  and  Cumberland  Railroad. 

Western  Maryland  Railway. 


Present  and  Ultimate  Track  Arrangements  Extending  East  from  the  Magnolia  Cut-Off 
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Cherry  Run 

Western  Maryland  Railway. 

Martinsburg 

Cumberland  Valley  Railroad. 

At  Cherry  Run  and  Martinsburg,  47  and  71  miles,  re¬ 
spectively,  east  of  Patterson  Creek,  there  are  connections  with 
the  Western  Maryland  and  Cumberland  Valley  Railroads.  At 
these  two  points  43  percent  of  the  eastbound  freight  leaves  the 
Baltimore  and  Ohio  for  eastern  Pennsylvania  and  New  England 
delivery,  coal  being  the  principal  commodity  diverted.  The 
Cumberland  Valley  is  also  the  route  of  the  Central  States  Des¬ 
patch. 

NECESSITY  FOR  IMPROVEMENT  FELT  AS  EARLY  AS  1900 

In  the  coal  fields  of  Maryland,  West  Virginia  and  Penn¬ 
sylvania  new  developments  were  constantly  being  made  and 
additional  facilities  added  to  take  care  of  the  requirements  as 
rapidly  as  the  business  increased;  the  situation  east  of  Cum¬ 
berland  was  gradually  growing  acute.  It  had  been  felt  that  the 
rapid  growth  of  the  business  made  possible  by  the  additional 
facilities  west  of  Cumberland,  would  result  in  an  over-balance, 
causing  a  condition  of  having  more  business  than  could  be 
handled  on  the  line  east  of  Cumberland. 

As  early  as  1900  congestion  east  of  Cumberland  was  serious 
at  various  times  and  a  number  of  improvements,  including  the 
Magnolia  Cut-Off,  were  considered,  but  owing  principally  to 
the  heavy  expenditure  necessary  to  add  to  the  track  facilities 

along  the  Potomac  River,  they  were  postponed  from  time  to 

time. 

Mr.  Willard,  now  President  of  the  Baltimore  and  Ohio,  who 
was  at  that  time  Assistant  General  Manager,  states  that  the 
problem  was  a  serious  one  and  surveys  and  studies  were  made 
for  the  purpose  of  determining  the  best  and  most  practical  way 
to  alleviate  the  situation. 

Additional  surveys  and  studies  were  made  at  various  times 
to  locate  the  most  economical  line  from  the  standpoint  of 
operation  as  well  as  first  cost.  In  1902  Mr.  L.  F.  Loree,  then 
President  of  the  Baltimore  and  Ohio,  had  exhaustive  studies  and 
surveys  made  for  the  purpose  of  solving  this  problem,  as  serious 
congestions  occurred  on  this  portion  of  the  road  at  that  time. 
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but  the  financial  depression  of  1903  prevented  definite  action 
being  taken.  Again  in  1906  Mr.  Oscar  G.  Murray,  who  suc¬ 
ceeded  Mr.  Loree  as  President,  had  the  matter  looked  into  with 
the  result  that  a  line  was  adopted,  but  the  depression  of  1907 
prevented  anything  being  done  at  that  time,  when  it  was  thought 
that  a  new  four  track  railroad,  eliminating  the  old  line,  costing 

$15  000  000  was  the  solution  of  the  problem. 

It  remained  for  Mr.  Willard,  who  returned  to  the  Baltimore 
and  Ohio  in  1910,  to  solve  this  problem,  which  was  one  of  the 
most  serious  that  then  confronted  the  management,  and  since 
that  time  constant  thought  has  been  given  to  working  out  this 
difficulty  by  the  most  economical  and  effective  methods. 


DENSITY  OF  TRAFFIC  ON  EAST  END  OF  CUMBERLAND  DIVISION 

It  is  difficult  to  convey  to  one’s  mind  clearly  traffic  density. 
For  the  purpose  of  indicating  a  twenty-four  hour  movement  on 
the  territory  under  discussion,  the  train  chart,  Fig.  25,  gives 
an  indication  of  the  density  of  traffic.  At  a  glance  it  is  readily 
seen  why  the  territory  became  known  as  “The  Neck  of  the 
Bottle.”  Four  classes  of  service  are  handled  as  follows: 
Passenger  (including  express  and  mail  trains) 

Fast  freight 

Slow  freight 

Local  or  way  freight 

The  handling  of  the  passenger  and  fast  freight  business 
promptly  through  a  territory  of  such  density  of  traffic  and  lim¬ 
ited  facilities  was  a  problem  not  difficult  to  appreciate.  The 
congestion  of  slow  freight  trains  at  the  foot  of  the  helper  grade 
between  Magnolia  and  Hansrote,  eastbound,  is  clearly  shown  by 
the  black  lines,  and  indicates  the  amount  of  time  required  to 

cover  this  short  distance  of  helper  grade. 

Table  No.  6  shows  the  total  daily  freight  trains,  loads,  gross 
tons  per  mile  of  road,  and  ratio  which  indicates  the  relative 

density  of  traffic  very  clearly. 


TABLE  NO.  6 
TRAFFIC  DENSITY 


Between 

Kevser  and  Patterson  Creek 
Cumberland  and  Patterson  Creek 
Patterson  Creek  and  Cherry  Run 

Cherry  Run  and  Cumbo . 

Cumbo  and  Brunswick  . 


Frt. 

Trains 

20.7 
32.6 

53.8 
52.3 
36.5 


Loads 

677 

1179 

1893 

1690 

1188 


Gross  Tons 
Per  Mile 
of  Road 
54  900 
70  616 
128  955 
114  049 
74  950 


Ratio 

42.5 

55.0 

100.0 

88.3 

58.0 


Average  Car  Capacity  and  Average  Loading. 
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The  greatest  density  of  traffic  on  the  Baltimore  and  Ohio 
System,  that  is,  number  of  trains  handled,  as  well  as  ton  miles 
per  mile  of  road,  obtains  east  of  Cumberland,  between  Patterson 
Creek  and  Martinsburg.  There  have  been  handled  annually 
20  000  000  net  tons  of  freight  per  mile  of  road  between  the  above 
mentioned  points,  and  an  average  of  15  000  000  net  ton  miles 
per  mile  of  road  over  the  entire  freight  division  from  Cumber¬ 
land  to  Brunswick,  the  traffic  being  divided  as  follows : 

14.3  percent  fast  freight. 

84.0  percent  slow  freight. 

2.2  percent  package  local. 

lo  xiirther  illustrate  the  density  of  traffic  and  the  rapidly 
increasing  business  east  of  Cumberland,  a  density  chart,  Fig. 
26,  shows  the  net  ton  miles  per  mile  of  line  per  year  from  1910 
to  1914.  In  1913,  the  year  of  the  greatest  tonnage  handled  on 
the  Baltimore  and  Ohio,  there  was  a  25.8  percent  increase  over 
the  year  1910. 

With  such  increasing  business,  the  necessity  can  readily  be 
appreciated  for  a  change  in  the  methods  of  handling  business  in 
this  territory  in  order  to  take  care  of  additional  business,  then 
presenting  itself,  the  congestion  on  this  part  of  the  line  being 
very  disturbing. 

The  density  chart,  Fig.  27,  is  interesting  in  that  it  shows 
the  daily  average  movement  on  the  East  End  of  Cumberland 
Division  for  a  ten-day  period.  The  movement  was  divided  as 
shown  by  Table  No.  7. 


TABLE  NO.  7 
TRAIN  MOVEMENT 


EAST  BOUND: 

Keyser  to  Patterson  Creek . 

Cumberland  to  Patterson  Creek 
Patterson  Creek  to  Cherry  Run 

Cherry  Run  to  Cumbo  . 

Cumbo  to  Brunswick  . 

WEST  BOUND: 

Brunswick  to  Cumbo  . 

Cumbo  to  Cherry  Run . 

Cherry  Run  to  Patterson  Creek. 
Patterson  Creek  to  Cumberland 
Patterson  Creek  to  Keyser  .  . . 


Trains 


Miles 

Pass. 

Fast 

Frt. 

Slow 

Frt. 

Total 

20.2 

6.4 

.3 

9.0 

15.7 

8.1 

13.4 

5.8 

11.6 

30.8 

57.1 

13.4 

6.1 

20.7 

40.2 

10.8 

13.4 

6.1 

20.6 

40.1 

26.4 

13.4 

5.7 

12.6 

31.7 

26.4 

16.2 

4.3 

13.9 

34.4 

10.8 

16.2 

5.3 

20.3 

41.8 

57.1 

16.2 

5.3 

21.7 

43.2 

8.1 

16.2 

3.5 

11.7 

31.4 

20.2 

6.2 

1.8 

9.6 

17.6 
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The  heaviest  tonnage  is  handled  between  Patterson  Creek 
and  Cherry  Run,  the  number  of  trains  being  approximately  the 
same  in  each  direction.  The  eastbound  gross  tonnage  amounted 
to  68.1  percent  of  the  total,  consisting  of  97.5  percent  loaded 
and  2.5  percent  empty  cars,  while  the  westbound  freight  move¬ 
ment  comprised  23.8  percent  loaded  and  /6.2  percent  empty  cars. 
01:  the  total  trains  operated  97  percent  carried  full  rated  ton¬ 
nage,  which  is  a  very  high  average.  From  the  density  chart  it 
can  readily  be  seen  why  the  operations  on  that  portion  of  the 
Cumberland  Division  between  Patterson  Creek  and  Cherry  Run 
are  limited  by  lack  of  track  facilities  and  why  it  has  been  called 
the  “Neck  of  the  Bottle.” 

The  highest  average  miles  per  car  per  day  for  the  Baltimore 
and  Ohio  System  obtains  on  the  East  End  of  the  Cumberland 
Division  for  two  reasons:  First,  because  of  the  through  move¬ 
ment  and  the  large  number  of  cars  handled ;  and  second,  because 
only  a  small  amount  of  business  originates  in  this  territory. 

*  Table  No.  8  has  been  prepared  to  show  the  ratio  of  the  daily 
gross  ton  miles  per  mile  of  road  which  each  section  beais  to  the 
Patterson  Creek  and  Cherry  Run  Section.  These  figures  are 
presented  in  order  to  show  the  relation  and  necessity  of  v  anous 
track  facilities  comprising  the  East  End  of  Cumberland  Di¬ 
vision.  It  is  between  Patterson  Creek  and  Cherry  Run  that 
the  Magnolia  Cut-Off  Improvement  is  being  made,  and  it  is 
on  this  portion  of  the  road,  as  will  be  seen  from  this  statement, 
that  the  heaviest  density  of  traffic  occurs. 


table  no.  8 


SECTION  TONNAGE  RATIOS 

Eastbound 

Ratio 


Keyser  and  Patterson  Creek  .  . .  . 
Cumberland  and  Patterson  Creek 
Patterson  Creek  and  Cherry  Run 

Cherry  Run  and  Cumbo  . 

Cumbo  and  Brunswick  . 


43.1 
55.4 

100.0 

89.3 

57.2 


Westbound 

Ratio 

41.5 

53.3 

100.0 

86.7 

60.0 


Total 

Ratio 

42.5 
55.0 

100.0 

88.5 
58.0 


As  will  be  seen  by  the  traffic  chart,  Fig.  25,  noted  before, 
the  slow  movement  is  on  the  helper  grade  between  Hansrote 
and  the  summit  at  Doe  Gully  tunnel,  where  frequently  freight 
trains  on  the  eastbound  main  and  side  tracks  wait  for  track  and 
helper  engines.  The  chart,  Fig.  28,  shows  the  relative  location 


Fig.  36.  Various  Routes  Studied  for  the  Magnolia  Cut-Off. 


— 

— — P 

| 

Z 

o 

UJ  , 

o 

x 

o 

< 

u 

< 

o 

I 

If 

i . 

If 

A 

1 

< 

-i 

D 

ii) 

o 

< 

o 

cc 

10 

t 

J 

f\ 

L 

ii 

kb. 

P 

j 

!3ff 

O 

< 

_J 

tc 

o 

TTf 

“TT 

|V|\ 

v  ^ 

- - L 

dll 

i 

W 10/ 

Ju 

I 

a 

i 

{  5l 

i 

•i 

C)V 

6**"~ 

I 

§4 

1  1 1 

tt 

OKONOKO  ✓'*' 

1  X 

s'  ,«***"’ 

LITTLE  CACAPON^*^.  °  'f'"  \ 

^  — -~V^-^i'M)Vr3  7 CR 

B.&O.R.R.  Vv.  j~. 

LAST  END  CUMBERLAND  DIV.^SS-'5**"  ?  a  ||| 

OPERATED  TRACKS  |  j  ^>‘1 

AND  |  f 

magnolia  cuT-orr  imr  \ 

■915-14. 

3 '9  _ 

Mi  M\ 

_ J\\ na  bairo  M  \\\  ' ‘ 

ft  ROUTE  ( 

LjP  §  m*z  -*%  l\  \ 

Sf  1 

■»##?  |  |  ^OUTt 

^  X 

opiionrol  T  1  1*  ~T — J —  _ ^ 

'!  * 

<KI; 

H  i 

0 

It  ^ 
|! 

Is 

ORLEANS  ROAp^V  M 

\ 

X\ 

THOMPSON — MAGNOLIA  CUT-OFF  ON  B.  A  O.  R.  R.  873 

of  trains  at  6:00  P.  M.,  September  5,  1914.  As  readily  noted, 
the  congestion  occurred  at  that  time  at  the  foot  of  the  helper 
grade  between  Mangolia  and  Hansrote.  Both  day  and  night 
six  or  seven  eastbound  freight  trains  are  in  the  vicinity  of  Ilans- 
rote  helper  grade,  either  moving  or  waiting  for  track.  On  ac¬ 
count  of  the  helper  engines  using  the  westbound  track  down 
the  grade  the  traffic  westbound  is  frequently  delayed  and  the 
delay  of  helper  engines  in  turn  delays  eastbound  trains. 

TRACK  FACILITIES  PRIOR  TO  THE  IMPROVEMENT 

The  East  End  of  the  Cumberland  Division,  a  double  track 
road,  see  Fig.  24,  forms  one  freight  division,  102  miles  long, 
and  extends  from  Cumberland  to  Brunswick.  At  Cumberland 
two  double  track  lines,  one  from  Pittsburgh  and  Chicago,  the 
other  from  Cincinnati  and  St.  Louis,  meet  and  form  the  main  line 
east. ,  At  Patterson  Creek,  8.1  miles  east  of  Cumberland,  a 
freight  cut-off  joins  the  main  line  from  the  Cincinnati-St.  Louis 
line,  which  eliminates  handling  this  freight  through  Cumber¬ 
land.  These  two  double-track  lines  merge  into  a  three-track 
road  from  Patterson  Creek  to  Little  Cacapon,  13.9  miles,  at 
which  point  there  is  a  westbound  passing  siding.  From  the 
latter  point  to  Magnolia,  7.5  miles,  there  are  but  two  tracks  with 
a  westbound  passing  siding  at  Magnolia. 

An  additional  freight  running  track  is  provided  from  Mag¬ 
nolia  to  Hansrote,  5.5  miles,  at  the  foot  of  the  helper  grade. 
From  Hansrote  to  Orleans  Load,  4.7  miles,  there  are  two  tracks 
with  an  0.8  percent  helper  grade  eastbound  against  the  ruling 
movement  from  Hansrote  to  the  summit  at  Doe  Gully  tunnel, 
b  rom  Orleans  Road  to  Cherry  Run,  25.3  miles,  there  are  three 
tracks  with  a  four-track  section  from  Sir  Johns  Run  to  Han¬ 
cock,  5.1  miles. 

At  Cherry  Run  the  main  line,  which  is  double  track,  ascends 
an  0.8  percent  grade  for  a  distance  of  7  miles  to  the  summit 
at  North  Mountain.  From  Cherry  Run  to  Cumbo,  there  is  a  low 
grade  eastbound  double-track  freight  line  14  miles  in  length 
which  passes  around  North  Mountain  and  joins  the  main  line 
again  at  the  latter  point.  From  Cumbo  to  Fawver,  three  miles, 
there  is  a  double-track  line  and  from  Fawver  to  Opequon,  the 
foot  of  a  helper  grade,  there  are  three  tracks,  the  third  being  an 
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eastbound  running  track.  An  0.8  percent  ascending  grade  be¬ 
gins  at  Opequon,  which  continues  to  the  summit  at  Hobbs,  7.3 
miles.  From  this  point  to  Engles,  near  Harpers  Ferry,  5.8 
miles,  there  is  a  double-track  line  with  an  0.8  percent  descending 
grade,  and  a.  westbound  third  track. 

From  Engles  to  Weverton,  6.2  miles,  there  is  a  double-track 
line.  Brunswick  Yard,  the  east  end  of  the  freight  division,  is 
situated  immediately  east  of  Weverton. 

The  division  is  operated  for  a  general  grade  of  0.3  percent 
eastbound,  using  helper  engines  over  the  two  0.8  percent  grades. 

The  low  grade  around  the  second  summit  between  Cherry 
Run  and  Martinsburg  was  completed  in  1903,  eliminating  the 
use  of  helper  engines  on  a  six-mile  helper  grade  between  those 
points.  With  the  completion  of  the  Magnolia  Cut-Off,  helper 
engines  at  Hansrote  will  be  eliminated  which  will  permit  of  a 
continuous  movement  of  freight  trains  between  Cumberland  and 
Martinsburg,  the  part  of  the  road  of  greatest  traffic  density, 
where  helper  engines  have  heretofore  been  necessary,  b  rom 
Martinsburg  east  over  the  third  summit  the  service  of  helper 
engines  will  be  continued  until  the  low  grade  line  between  Mar¬ 
tinsburg  and  Harpers  Ferry  will  have  been  built. 

Ten  miles  east  of  Brunswick  at  the  east  end  of  the  freight 
run  under  discussion,  the  main  line  diverges  into  two  double 
track  lines;  one  to  Washington  and  one  to  Baltimore.  On  the 
line  to  Baltimore  the  Adamstown  Cut-Off,  a  lowr  grade  line 
eliminates  the  necessity  for  helper  engines  over  one  summit. 

METHODS  ADOPTED  TO  HANDLE  INCREASED  BUSINESS 

The  heavy  eastbound  traffic  over  the  double-track  congested 
part  (referred  to  as  the  ‘‘Neck  of  the  Bottle”)  of  the  East  End 
of  Cumberland  Division  in  the  latter  part  of  1910,  particularly 
the  tidewater  coal  business,  caused  so  much  anxiety  on  the  part 
of  the  President  and  Operating  Officers  that  conditions  east  of 
Cumberland  were  given  particular  attention  and  study  with  a 
view  of  taking  care  of  the  business  offered  at  that  time  as  well 
as  to  provide  for  increased  business. 

Had  the  revision  of  grade  and  line  schemes  all  been  worked 
out  and  decided  upon,  and  the  money  appropriated,  completion 
of  the  work  could  not  have  been  accomplished  in  time  to  take 
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Fig.  37.  Profiles  of  Various  Routes  Studied  for  the  Magnolia  Cut-Off. 
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care  of  the  increased  business  offered.  It  would  have  required 
at  least  from  eighteen  months  to  two  years  to  complete  any 
scheme  presented  for  the  Magnolia  Cut-Off,  and  from  four  to  six 
months  to  get  any  relief  whatever  from  third  tracks  along  other 
portions  of  the  division. 

It  was  necessary  to  do  something  at  once  other  than  arrange 
tor  additional  tracks  in  order  to  relieve  the.  congestion.  Exist¬ 
ing  financial  conditions  demanded  exceptional  care  in  making 
expenditures  and  means  were  sought  to  improve  operating  con¬ 
ditions  so  as  to  meet  the  demands  of  a  rapidly  increasing  traffic 


without  making  t lie  heavy  expenditure  at  this  time  necessary 
in  the  construction  of  the  Magnolia  Cut-Off. 

In  order  to  secure  immediate  results,  it  was  decided  to: 


Order  Mikado  locomotives  for  immediate  deliverv. 
Construct  additional  automatic  signals  and  build 
third  tracks  where  they  could  be  laid  on  that  portion 
of  the  line  not  affected  by  the  proposed  Magnolia 
Cut-Off. 

Establish  signal  indication  for  the  operation  of  trains. 
Provide  more  and  better  supervision. 


At  first  attention  was  given  to  reducing  the  number  of 
trains  to  be  handled  by  using  first  class  Consolidation  loco¬ 
motives,  establishing  their  maximum  tonnage  by  dynamometer 
car  tests,  thus  obtaining  the  maximum  number  of  net  ton  miles 


per  train  mile.  This  type  of  locomotive,  called  a  100  percent  en¬ 
gine  on  the  Baltimore  and  Ohio,  was  the  heaviest  used  in  1010 
in  freight  service;  it  weighed  220  370  lb.  and  had  a  tractive 
power  of  42  000  lb.  Then  a  vigorous  campaign  was  started  for 
a  better  carload,  a  decrease  in  the  number  of  cars  hauled  and 
an  increase  in  the  number  of  revenue  tons  per  train. 

It  wras  an  opportune  time,  ns  to  delivery  and  price,  1o  pur¬ 
chase  locomotives.  A  Mikado  type  of  locomotive  was  decided 
upon,  designed  and  a  sufficient  number  ordered  to  equip  the 
East  End  of  the  Cumberland  Division.  IIow  wrell  these  loco¬ 
motives,  which  wreigh  284  500  lb.  and  have  55  000  lb.  tractive 
power  with  26.2  percent  greater  hauling  capacity  than  the  Con¬ 
solidation  locomotive,  performed  is  showm  by  the  charts.  Figs 
29  and  30. 


Fig.  38.  Existing  and  Proposed  Lines  between  Weverton  and  Cumberland. 
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The  following  salient  features  are  tabulated  from  Fig.  29 : 


Increase 

or 

1910 

1914 

Decrease 

Average 

tractive 

power  of  freight  locomotive... 

41  875  lb. 

52  831  lb. 

26.2 

Average 

freight 

train  load  . 

707  tons 

1070  tons 

51.3 

Net  train  load  per  1,000  lb.  of  tractive  power.. 

16.9  tons 

20.3  tons 

20.0 

Revenue 

freight 

train  mileage . 

2  826  043 

2  165  716 

23.4 

The  charts  also  indicate  that  the  rate  of  increase  in  train 
load  was  greater  than  the  rate  of  increase  in  average  tractive 
power  of  freight  locomotives.  With  the  track  facilities  avail¬ 
able  the  increased  train  load  was  necessary  to  handle  the  traffic. 
The  policy  of  increasing  the  train  load  has  had  a  very  beneficial 
effect  on  the  entire  Baltimore  and  Ohio  System. 

Fig.  31  shows  Mikado  engine  4221  with  63  steel  hopper 
cars  of  coal.  Gross  weight  of  cars  and  contents,  9  173  000  lb., 
or  net  weight  of  contents  6  703  400  lb.  Distance  covered  by  the 
train  from  Keyser  to  Brunswick  117.2  miles. 

The  various  passing  sidings  and  freight  tracks  both  east 
and  west  of  the  seventeen  mile  section  of  road  which  was  to  be 
improved  by  the  Magnolia  Cut-Off,  were  coupled  and  extended 
to  this  section,  thereby  securing  maximum  freight  running 
trackage  for  a  considerable  distance  at  each  end  of  the  proposed 
improvement. 

An  interesting  feature  in  the  development  of  the  three-track 
scheme  is  shown  by  Figs.  32  and  33,  and  was  the  result  of  studies 
by  the  Engineering  and  Signal  Departments  to  get  the  most 
out  of  the  three-track  layout.  Interlocking  towers  were  placed 
five  miles  apart  and  cross-overs  constructed  between  tracks,  to 
permit  of  parallel  movements. 

Fig.  32  is  a  photograph  of  the  cross-over  lay-out,  looking 
west  at  Great  Cacapon,  W.  Ya.  The  interlocking  tower  is  noted 
on  the  left  and  the  signal  bridge  spanning  three  tracks  in  the 
distance.  In  Fig.  33,  the  upper  diagram  indicates  the  present 
three-track  arrangement  between  Orleans  Road,  the  east  end  of 
the  Magnolia  Cut-Off  Improvement,  and  Great  Cacapon,  W.  Va. ; 
the  lower  diagram  indicates  the  eventual  four  track  plan  be¬ 
tween  these  two  points. 

In  the  three-track  layout  the  middle  track  was  equipped 
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with  automatic  signals  to  permit  of  movement  in  both  directions. 
All  three  tracks  were  laid  on  stone  ballast  and  surfaced  for 
high-speed  trains.  The  movement  of  trains  in  this  district  was 
also  placed  under  signal  indication,  eliminating  train  order 
movements,  the  third  track  system  particularly  lending  itself  to 
increased  efficiency  because  of  its  flexibility  in  permitting  of 
almost  a  four-track  operation.  No.  16  crossing  frogs  were  in¬ 
stalled  in  cross-overs,  which  when  used  were  covered  by  upper 
quadrant  slow  speed  signal  blades. 

A  main  track  coaling  tipple,  ash  pits  and  water  facilities 
were  placed  at  Sir  Johns  Run,  half  way  on  the  freight  run  east 
from  Cumberland ;  this  section,  five  miles  long,  was  arranged  on 
a  four-track  basis.  These  improvements  and  facilities  shown 
by  Fig.  31  made  it  possible  to  take  care  of  a  very  heavy  business, 
which  was  particularly  desirable,  in  fact,  necessary,  and  also 
produced  a  reduction  in  the  cost  of  operation. 

Additional  supervision  was  placed  on  this  part  of  the  road 
and  consisted  of  a  force  of  well-trained  men,  who  were  placed 
both  on  line  of  road  and  in  the  Superintendent  ’s  office.  Par¬ 
ticular  attention  was  given  to  following  the  make-up  of  trains, 
to  reduce  the  number  of  breaks-in-two  to  a  minimum,  and  fur¬ 
ther  to  see  that  each  train  was  given  its  full  tonnage  rating. 
Inspectors  were  also  placed  in  the  coal  regions,  to  see  that  each 
car  was  loaded  to  its  capacity.  The  chart,  Fig.  30,  shows  that 
in  four  years,  from  1910  to  1914,  on  the  East  End  of  the  Cum¬ 
berland  Division,  the  average  carload  increased  13.4  percent. 
The  increase  in  average  capacity  of  system  cars  during  the  same 
period  was  five  tons,  or  13.5  percent. 

REVIEW  OF  OPERATIONS  FOR  FISCAL  YEARS  1910  TO  1914 

A  review  of  the  operations  in  this  territory  covering  the 
period  of  the  fiscal  years  1910  to  1914  inclusive,  shows  a  con¬ 
stantly  increasing  business  with  better  operating  results  through¬ 
out. 

Table  No.  9  shows  the  average  tons  loaded  in  car  for  five 
years  from  1910  to  1914  on  the  Baltimore  and  Ohio.  This  figure 
is  obtained  by  dividing  the  total  freight  car  mileage  into  the 
revenue  freight  ton  mileage  and  includes  all  cars  on  line  both 
system  and  foreign. 
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TABLE  NO.  9 

J  (  OPACITY  OP  CARS  AND  AVERAGE  LOADING 

Year  '  afCar"  Av"**' Capacity  Average  Ton, 

19‘0  84  774  3  149*352  loaded  in  Car 

1911  89  522  3  464  697  38'7 

87  884  3  520  094  40  0  f,1 

1913  91  499  3  797  064  41  5  l\A. 

1914  ^  89  708  3  777  162  42.1  25  g 

The  graphic  cliart,  Fig.  34,  shows  that  the  increase  in  aver 
age  capacity  in  tons  per  car  of  system  cars  fro,,,  1902  to  1914 

~  e/rs  szzrt  ;rb" rf  - “ 

percent.  ’  f  6  Same  period  was  28.2 

the  nToardoe„No°f  O  gireS  t  C°mparison  of  operating  statistics  for 
tl,e  portion  of  the  line  between  Keyser  and  Brunswick  based 

nCnf  “De” w-  h“d,*d  » 

TABLE  no.  10 
OPERATING  STATISTICS 

Description  Fiscal  Years  Increase  or  per 

Miles  of  Road  10  1914  Decrease  Cent 

Miles  of  Main  Track .  117  00  117-00 

Miles  Main  Track  &  Siding^  .W” ' ’ *  ^  369  73  25.26  7.3 

Passenger  Train  Miles  ....  77f8;07  504-27  36.20  7.7 

Passenger  Car  Miles  ...  .  ,  - f ? if?  997  152  218  954  28  1 

813428  ~ 

Cars  per  Train  .  .  .  *■  *  189  3.4  21  9 

Type  of  Passenger  Locomotive.'.'.'";'  29  500  '!!!“  303  435  66.5 

Avrg.  Number  of  Pass.  Locos  ,  40  200  10  700  36.3 

Tractive  Power  of  Pass.  Locos.  095  4  475  J6S  3.8 

Pass.  Car  Miles  per  Mile  of  Road  54  gno  If  .,0°  12.1 

Past  Car  m',  ""  ML  Main  Track-  18630  19  MO  12  * 

Gross  Ton  M‘i,:Ss  Pe:..L°C0n,0tiVe . 3>  870  2  „J  £ 

Net  Ton  Miles  . ,.  997  887  18  *Jf°^008  484  320  737  12.2 

Pev.  Train  Miles  .  ,  316  743  150  318  855  969  16.0 

Freight  Engine  Miles  ’  ?*?  2  165  716  660  327  23.4 

Loaded  Freight  Car  Miles .  .  . . .  aq  ctq  tto  2  318  263  798  998  25.6 

Empty  Freight  Car  Miles....’’."’"’”  39  899  1S6  1451  178  2.1 

Total  Car  Miles  .  ‘  43  7 52  856  3  853  500  9.7 

Percent  Loaded  to  Total .  L  113  743  373  5  304  678  4.9 

.  63  18  61.53  i  65  2  6 

Type  of  Freight  Locomotives .  HandTed  IZulT/o 

Avrg.  No.  of  Frt.  Locomotives .  ^fg 

Trac.  Power  of  Frt.  Locomotives....  3  054  5.0  4  448  8,0  ,  3,4  380  111 
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Description 

Avrg.  Trac.  Power  per  Frt.  Loco.... 
Avrg.  Mileage  per  Frt.  Locomotive.. 
Gross  Ton  Miles  per  Mile  of  Road... 
Gross  Ton  Mi.  per  Mi.  of  Main  Track. 

Gross  Ton  Miles  per  Frt.  Loco . 

Gross  Ton  Mi.  per  1000  lb.  Trac.  P’wer. 

1  rain  Load — Gross  . 

Train  Load — Net  . 

Eng.  Load — Gross  . 

Eng.  Load — Net  . 

Car  Load — Net  .... 


TABLE  NO.  10— CONTINUED 

Fiscal  Years 

1914 
52  831 


1910 

41  875 

42  800 
33  970  000 
11  540  000 
54  650  000 

1  302  000 
1  408 
707 
1  276 
641 
29.2 


27  600 
38  130  000 
12  080  000 
53  000  000 
1  003  000 
2  060 
1  070 
1  927 
1  000 
33.1 


Increase  or 
Decrease 
10  956 
15  200 
4  160  000 
540  000 
1  650  000 
299  000 
652 
363 
651 
359 
3.9 


883 


Per 

Cent 

26.2 

35.5 

12.2 

4.7 

3.0 

23.0 

46.3 

51.3 
51.0 
56.0 

13.4 


In  the  four  years  ended  June  30,  1914,  the  revenue  (net) 
train  load  increased  51.3  percent  with  a  decrease  in  the  freight 
train  mileage  of  23.4  percent.  Table  No.  11  shows  the  decrease 
in  number  of  trains  run  in  that  period  as  being  7555,  or  20  per¬ 
cent,  with  an  increase  in  car  mileage  of  5  304  680,  or  4.9  percent, 

and  an  increase  in  the  net  ton  mileage  of  318  855  969  or  16 
percent : 


table  no.  11 

COMPARISONS  OF  CAR  AND  TON 

Number  of  freight  trains  run  in  1910 . 

Number  of  freight  trains  run  in  1914 . 

Decrease  . 

Percent  decrease  . 

Total  freight  car  miles  in  1910 . 

Total  freight  car  miles  in  1914 . 

Increase  . 

Percent  increase  . 

Net  ton  miles  in  1910 . 

Net  ton  miles  in  1914.. 


MILES 


. 36  082 

. 28  527 

.  7  555 

.  20.0 

.  .108  438  695 
.  .113  743  373 

. .  5  304  678 

4.9 

1  997  887  181 

2  316  743  150 


Increase  . 

Percent  increase 


318  855  969 
16.0 


It  is  interesting  to  note  the  freight  movement  in  this  ter¬ 
ritory  for  1914  compared  with  1910,  as  shown  by  Table  No  12 
"Inch  gives  the  division  of  traffic  from  Cumberland.  Kevser 
and  Patterson  Creek  east  and  Brunswick  and  Martinsburg  west. 

icro  "as  a  30.5  percent  decrease  in  the  number  of  trains  run 
east  ot  Patterson  Creek  and  an  increase  of  6.9  percent  in  the 
usiness  handled.  From  Brunswick  and  Martinsburg,  the  west¬ 
bound  movement  shows  a  decrease  of  30.4  percent  and  29  4  per- 

ber  ore1166?'’6'',;  If  -the  nUmber  0f  train*  run,  while  the  num- 
of  cars  bandied  increased  6.3  percent  and  14.6  percent. 
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TABLE  NO.  32 

COMPARISON  OF  FREIGHT  MOVEMENTS 


Keyser,  East  . 

Trains 

4749 

%  Inc. 
Dec. 

Keyser,  East  . 

3964 

16.5 

Cumberland,  East  .  . 

8795 

Cumberland,  East  .  . 

.  . .  .1914 

5450 

38.0 

PATTERSON  CRK. 

E..  .1910 

13544 

PATTERSON  CRK. 

E..1914 

9414 

30.5 

Brunswick,  West  .  .  . 

. . . .1910 

9039 

Brunswick,  West  .  . . 

6307 

30.2 

Martinsburg,  West  . 

.. . .1910 

3412 

Martinsburg,  West  .  . 

.  . . .1914 

2406 

29.4 

Table  No.  13  and  Fig.  30  show 


Loads 

Empties 

Total 

%  Inc. 

Dec. 

207207 

1470 

208677 

246414 

4638 

251052 

20.2 

344744 

4194 

348938 

333034 

12459 

345494 

1.0 

551951 

5664 

557615 

579448 

17097 

596545 

6.9 

118219 

233956 

352175 

107546 

266770 

374316 

6.3 

28160 

138095 

166255 

35742 

154743 

190485 

14.6 

by  years  from  1910  to 

1914 

the  results  obtained  by  better  operation  on  this  division  as  re¬ 
flected  in  the  number  of  freight  trains,  train  mileage,  train 
load,  total  freight  car  mileage,  etc. 


Fiscal 

Year 

1910 

1911 

1912 

1913 

1914 


Freight 

Trains 

36  082 

37  786 
32  040 
31  637 
28  527 


TABLE  NO.  13 

FREIGHT  TRAIN  STATISTICS 


Freight  'Train 
Mileage 

2  826  043 

3  013  627 
2  455  478 
2  465  374 
2  165  716 


Net  Ton  Mi.  (Rev. 
Frt.  &  Co’s  Mtl.) 

1  997  887  181 

2  113  562  443 
2  219  227  715 
2  446  714  024 
2  316  743  150 


Net  Train 
Load  (Tons) 
707.0 

701.3 
903.8 

992.4 
1069.7 


Fiscal 

Loaded  Freight 

Total  Freight 

Average  Tons  per 

Year 

Car  Mileage 

Car  Mileage 

Loaded  Frt.  Car 

1910 

68  539  339 

108  438  695 

29.2 

1911 

72  467  143 

114  972  912 

29.2 

1912 

72  576  485 

116  023  877 

30.6 

1913 

75  613  579 

120  564  553 

32.4 

1914 

69  990  517 

113  743  373 

33.1 

To  you 

who  are  familiar 

with  the  Pittsburgh  and  La 

- - -  unu  X  tunojivama  J-mies,  IclUie 

No.  14  and  Fig.  35,  showing  the  train  loads  of  those  lines  over 
a  period  of  four  years  compared  with  the  train  load  on  the 
east  end  of  the  Cumberland  Division  over  the  same  period,  will 

give  an  idea  of  the  work  done  in  that  direction  in  the  territory 
under  discussion. 


TABLE  NO.  14 

COMPARISON  OF  AVERAGE  TRAIN  LOADS 

1910  1911  1912  191 *  19  U 

K  E.  Cumberland  Div.  of  B.  &  O...  676  668  868  952  1031 

Penna.  Lines  East  .  G49  671  685  719  — 

Bessemer  &  Lake  Erie  .  1007  989  1038  1115  — 

Pgh.  &  Lake  Erie  .  1207  1159  1215  1225  — 
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This  information  is  relative  only  and  is  presented  to  indi¬ 
cate  what  was  done  on  the  East  End  of  the  Cumberland  Di¬ 
vision.  The  opportunities  for  making  this  increase  were  there 
and  the  locomotives  with  heavier  tractive  power  contributed 
largely  to  the  increased  train  load.  (The  Pennsylvania,  Besse¬ 
mer  &  Lake  Erie  and  the  Pittsburgh  &  Lake  Erie  are  using  a 
Consolidation  locomotive  with  about  20  to  25  percent  less  tractive 


power  than  the  Mikado.) 

With  the  improved  operations  it  has  been  possible  to: 

1.  Take  care  of  a  rapidly  increasing  business. 

2.  Postpone  for  three  years  the  construction  of  the  Mag¬ 
nolia  improvement,  thereby  saving  the  interest  on  a  large  sum 

of  money  that  would  otherwise  have  been  expended  immedi¬ 
ately. 


3.  Provide  additional  time  for  studies  of  the  contemplated 
line  revision. 


THE  MAGNOLIA  CUT-OFF  IMPROVEMENT 
ULTIMATE  RULING  GRADIENTS 

The  various  studies  made  toward  securing  an  improved 
economical  operation  on  the  East  End  of  the  Cumberland  Di¬ 
vision  have  shown  that  it  is  possible  to  obtain  grades  of  0.1 
percent  or  0.2  percent  against  eastbound  traffic,  which  is  the 
loaded  and  ruling  movement,  and  of  0.15  percent  against 
westbound  traffic  with  0.4  percent  helper  grades  on  certain  sec¬ 
tions.  Over  these  sections  it  will  be  impossible  to  secure  a 
better  westbound  gradient  than  0.4  percent  without  unjustified 
expense.  This  is  particularly  true  of  the  westbound  0.4  percent 
grade  from  Harpers  Ferry  to  Cumbo  Yard  at  Hedgesville  on 
the  route  of  the  proposed  line  along  the  river.  Therefore,  the 
future  maximum  westbound  movement  has  been  based  on  a 
train  load  which  can  be  hauled  on  a  0.15  percent  grade,  using 
helpers  on  the  sections  where  there  are  0.4  pereent  grades. 

The  result  of  the  various  studies  pointed  clearly  to  the 
fact  that  a  0.1  percent  grade  is  justified  as  compared  with  either 
a  0.2  pei  cent  grade  or  the  present  method  of  operation. 

This  grade  will  permit  a  maximum  eastbound  train  load, 
based  on  the  most  economical  operation  and  the  maintenance 
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of  a  proper  balance  of  power  between  eastbound  and  westbound 
movements. 

It  might  be  interesting  to  note  here  that  the  minimum  rul¬ 
ing  gradient,  adopted  as  standard  on  the  Baltimore  and  Ohio, 
has  been  reduced  from  0.4  percent  in  1901  to  0.3  percent  in 
1904,  to  0.2  percent  in  1911,  and  to  0.1  percent  in  1914.  When 
each  new  standard  was  adopted  it  was  thought  to  be  the  lowest 
grade  consistent  with  the  total  number  of  cars  a  locomotive  was 
capable  of  hauling.  Due  to  the  development  in  strength  of 
draft  equipment,  the  number  of  cars  that  an  engine  can  haul 
has  been  increased,  and  has  resulted  in  the  gradual  decrease 
in  the  ruling  gradient. 

The  general  proposition  to  obtain  better  gradients  than  at 
present  over  the  entire  division  will  necessitate  the  building  of 
a  low  grade  line  along  the  river  from  Gumbo  Yard  to  Harpers 
Ferry  in  addition  to  the  completion  of  the  Magnolia  Cut-Off. 
This  line  has  been  investigated  and  the  recommendation  made, 
that  any  future  construction  of  additional  tracks  between  North 
Mountain  and  Harpers  Ferry  should  be  along  this  route. 

Before  the  adopted  line  of  the  Magnolia  Cut-Off  was 
located  and  construction  commenced,  the  studies  included 
projections  on  both  a  0.1  percent  and  0.2  percent  basis  and, 
as  noted,  it  will  also  be  possible  to  obtain  either  of  these  grades 
on  the  Gumbo-Harpers-  Ferry  river  line  against  eastbound 
traffic.  The  present  0.3  percent  low  grade  line  from  Cherry 
Run  1o  Gumbo  will  have  to  be  operated  with  a  light  helping 
engine  on  either  of  the  propositions  of  a  0.1  percent  or  0.2  per¬ 
cent  grade. 

After  the  Gumbo-Harpers  Ferry  line  and  Magnolia  Cut- 
Off  are  constructed  there  will  be  very  little  additional  grade 
reduction  necessary  to  obtain  a  0.1  percent  grade  against  the 
eastbound  movement  and  0.15  percent  grade  against  the  west¬ 
bound  traffic,  especially  if  it  is  considered  necessary  to  revise 
on  that  basis  only  one  track  for  slow  freight  in  each  direction. 

Therefore,  there  seems  to  be  no  question  that  in  making 
all  future  work  on  the  Cumberland  Division  conform  to  the 
ultimate  plan  of  securing  a  0.1  percent  operation,  which  means 
the  hauling  of  maximum  tonnage  trains  from  Keyser  and 
Cumberland  to  Brunswick,  the  management  is  carrying  out  the 
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best  policy  which  will  result  ultimately  in  a  better  and  more 
economical  operation. 

VARIOUS  ROUTES  CONSIDERED 

In  taking  up  the  study  of  the  Magnolia  Cut-Off  Improve¬ 
ment  as  it  relates  to  the  East  End  of  the  Cumberland  Division, 
it  was  necessary  to  determine  the  ruling  grades  both  east  and 
westbound  on  this  division.  Before  this  was  done  a  careful 
study  covering  a  period  of  several  years  was  made  of  the  train 
mo\  ement  and  the  tonnage  handled  and  the  Question  of  motive 
power  was  also  investigated  so  as  to  forecast  the  future  loco¬ 
motive  tractive  power  and  train  load.  The  relation  of  the 
loaded  eastbound  movement  to  the  empty  westbound  movement 
was  also  carefully  studied. 

It  was  finally  decided  that  an  eastbound  grade  of  0.1 
percent  was  possible  which  would  permit  the  most  economical 
operation  and  that  a  westbound  0.4  percent  grade  would  take 
care  of  the  balance  of  traffic  in  that  direction. 

The  question  as  to  the  construction  of  a  new  two  or  four 
track  line  was  given  a  great  amount  of  study  and  it  was  found 
that  a  low  grade  four  track  line  would  eliminate  the  present 
line  entirely  while  a  low  grade  two  track  line  would  retain 
the  present  line.  In  this  connection  four  possible  propositions 
were  definitely  considered  involving  the  construction  of: 

1.  Temporary  third  track  along  the  present  line  retaining 
eastbound  helper  grade. 

2.  Additional  tracks,  providing  four  tracks  along  present 
line  and  retaining  the  helper  grade. 

3.  Pour  track  low  grade  cut-off  abandoning  present  line. 

4.  Two  track  eastbound  low  grade  cut-off,  using  present 
line  for  westbound  movement. 

In  reaching  a  decision  between  the  various  grade  studies 
the  consideration  was  constantly  in  the  minds  of  the  engineers, 
provided  it  was  intended  to  maintain  the  present  line  for  west¬ 
bound  movement,  that  the  new  line  would  have  to  rise  suf¬ 
ficiently  to  cross  above  the  operated  tracks  at  Magnolia  and 
again  at  M  alnut  Grove  Cemetery. 

Before  the  line  was  finally  adopted  a  large  number  of 
variations  of  the  four  different  general  schemes  was  studied. 
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A  total  of  29  propositions  were  covered  which  varied  in  grade 
and  alignment,  following  practically  the  three  routes,  Nos.  1-2, 
3  and  4,  as  indicated  on  map — Fig.  36 — and  profile — Fig.  37. 
These  various  studies  included  plans  for  building  the  new  line 
in  parts,  to  be  extended  over  a  term  of  years.  The  estimated 
cost  of  these  lines  varied  from  $1  425  000  to  $15  575  000. 

Table  No.  15  shows  the  estimated  cost  of  constructing  a  few 
of  the  several  lines  projected;  also  the  annual  operating  cost, 
with  and  without  interest,  of  each  line  for  the  present  traffic 
and  double  that  traffic. 


table  no.  15 

SUMMARY  OF  COST  OF  CONSTRUCTION  AND  OPERATION  OF  THE 

DIFFERENT  LINES 


Number  of 

Trains 

Line 

Cost  of  New 

Present 

Double 

Construction 

Annual 

CostOp. 

An.  Cost 
Op.  Inc. 
Int. 

Annual 
Cost  Op. 

An.  Cost 
Op.  Inc. 
Int. 

Present 

No.  1. 
No.  2. 

Line  and  Grade: 

3- Tracks  throughout. $  2  235  000 

4- Tracks  throughout.  3  375  000 

$615  087 
615  087 

$  726  837 
783  837 

$1  230  174 

$1'398  924 

0.1% 
No.  3. 

E.B.  —  0.3%  W.B. 

4-Tracks  throughout.  15  575  000 

258  724 

1  037  474 

517  448 

1  296  198 

0.1% 
No.  4. 

E.B.  —  0.4%  W.B. 

2-Tracks  throughout*  6  000  000 

284  580 

584  580 

569  160 

869  160 

*Two  new  tracks  with  present  line  will  make  four  track  line. 


Table  No.  16  shows  the  saving  in  distance  and  curvature 
for  Routes  Nos.  1-2,  3  and  4,  respectively. 


table  no.  16 

STATEMENT  SHOWING  SAVING  IN  DISTANCE  AND  CURVATURE 


EASTBOUND 


WESTBOUND 


Line 

Dist. 

Saving 

Curvature 

Saving 

Dist. 

Saving 

Curvature 

Saving 

Miles 

Miles 

Degrees 

Degrees 

Miles 

Miles 

Degrees 

Degrees 

No.  1 

20.8 

2130 

20.8 

2130 

No.  2 

20.8 

2130 

20.8 

2130 

No.  3 

12.5 

8.3 

495 

1635 

12.1 

8.7 

305 

1825 

No.  4 

15.2 

5.6 

1380 

750 

20.8 

2130 

The  recommended  line  No.  4  was  finally  adopted  by  the 
President  and  Board  of  Directors  and  construction  authorized 
on  March  13,  1913,  at  an  estimated  cost  of  $6  000  000,  charging 
to  Additions  and  Betterments  a  total  of  $5  325  000  and  to 
Operation  $675  000,  upon  the  basis  of  the  rulings  and  classifica¬ 
tions  of  the  Interstate  Commerce  Commission. 
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LINE  ADOPTED 

It  was  concluded  that  the  construction  undertaken  should 
follow  the  plan  of  a  new  double  track  line,  using  the  present 
operated  tracks  for  westbound  traffic.  With  the  line  adopted, 
No.  4,  Fig.  36,  it  has  been  possible  to  secure  a  four  track  line 
and  derive  the  benefit  from  a  low  grade  with  the  least  ex¬ 
penditure.  Furthermore,  it  is  believed  that  the  following  im¬ 
portant  characteristics  have  been  secured. 

1.  A  minimum  grade,  both  eastbound  and  westbound, 
which  will  permit  the  most  economical  operation. 

2.  A  0.1  percent  grade  eastbound  possible  over  the  en¬ 
tire  East  End  of  the  Cumberland  Division,  which  will  fit  in 
with  a  general  grade  scheme  from  the  coal  fields  to  tidewater. 

3.  A  0.4  percent  grade  for  westbound  business  which  is 
practically  justified  by  the  probable  balance  of  future  traffic. 

4.  A  four  track  system  between  Little  Cacapon  and  Or¬ 
leans  Road  which  will  take  care  of  a  largely  increased  volume 
of  business  and  probably  take  care  of  the  traffic  over  the  East 
End  of  the  Cumberland  Division  for  a  great  many  years. 

A  profile  of  the  Magnolia  Cut-Off,  together  with  a  profile 
of  the  Patterson  Creek  Cut-Off  and  the  low  grade  line  between 
Cherry  Run  and  Cumbo  and  the  proposed  extension  to  Harpers 
Ferry  are  shown  on  the  map,  Fig.  38.  The  Magnolia  Cut-Off 
provides  for  the  additional  tracks  and  facilities  which  were 
absolutely  needed  in  order  to  handle  the  present  heavy  busi¬ 
ness  and  provide  for  a  reasonable  increase.  While  certain  sav¬ 
ings  in  the  cost  of  operation  would  result,  the  line  was  primarily 
built  to  take  care  of  a  business  that  already  overtaxed  the  pres¬ 
ent  facilities. 

This  section  is  the  first  portion  of  a  four-track  system  which 
will  gradually  be  extended  from  Patterson  Creek  to  Brunswick, 
a  distance  of  95  miles.  It  is  being  constructed  on  a  grade 
scheme  which  is  in  line  with  a  general  grade  revision  of  the 
Baltimore  and  Ohio  from  the  Maryland,  West  Virginia  and 
Pennsylvania  coal  fields  to  tidewater.  This  grade  scheme  is 
based  on  the  lowest  grade  that  can  be  secured,  the  expendi¬ 
ture  for  which  can  be  justified.  In  determining  the  westbound 
grade  on  this  improvement,  studies  were  made  of  the  operations 


Fig.  48.  Bench  Showing  Slide  in  Doe  Dully  Cut. 
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over  the  entire  part  of  the  Baltimore  and  Ohio  between  tide¬ 
water  and  the  coal  fields,  and  the  probable  future  balance  of 
traffic  was  considered.  A  comparison  of  the  physical  charac¬ 
teristics  of  the  present  and  new  line  is  shown  by  Table  No.  17. 

TABLE  no.  17 

COMPARISON  OF  PHYSICAL  CHARACTERISTICS 

AND  NEW  LINE 

Present  Line 

Grades — eastbound .  0.8  U.  C. 

westbound . .  0.55  U.  C. 

Distance,  miles .  16.86 

Curvature .  1680  deg. 

Maximum  curve .  9  deg.* 

Tunnels . Number .  1 

Length,  feet .  1331 

*Maximum  curve  to  be  reduced  to  7  deg. 

Difference  in  total  length  of  line — 5.78  miles. 

Difference  in  total  curvature — 877  deg. 

U.  C.  Uncompensated  curvature. 

C.  Compensated  Curvature. 

SAVING  IN  OPERATION 

The  Magnolia  Cut-Off  Improvement  was  more  essential  to 
the  development  of  the  Baltimore  and  Ohio  as  a  system  than 
for  the  advantages  to  be  gained  from  economies  in  operation. 
In  view,  however,  of  the  heavy  expenditure  necessary  to  provide 
the  additional  tracks  for  the  purpose  of  eliminating  congestion 
that  has  heretofore  existed  in  the  handling  of  traffic  over  the 
East  End  of  the  Cumberland  Division,  particularly  this  17-mile 
section,  it  is  reasonable  to  expect  a  reduction  in  the  operating 
costs. 

Some  of  the  direct  savings  that  may  be  expected  are : 

Elimination  of  Hansrote  Helping  Station 


Operation  of  helping  engines .  $35  000 

Water  station  facilities  .  2  000 

Interlocking  tower  .  3  000  $40  000 


OF  PRESENT 

New  Line 
0.10  C. 

0.40  C. 

11.08 
803  dtg. 

5  deg. 

4 

7100 


Overtime  account  of  facilitated  movement .  20  000 

Train  mileage,  increased  tonnage,  wages,  fuel  and 
supplies,  including  proportion  of  locomotives  and 


car  repairs  .  12o  000 

Less  mileage  allowance  to  crews  .  20  000 


Total  direct  saving  per  annum . $205  000 

Total  direct  saving  per  month .  17  080 


Fig.  49.  Bench— 7000  ft.  East  of  Doe  Gully. 
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The  flexibility  in  operation  brought  about  by  elimination 
of  the  cause  of  congestion  will  result  in  a  saving  equivalent 
to  the  cost  of  operating  eight  road  and  two  helper  engines.  It 
also  will  avoid  bad  situations  beyond  the  improved  section  which 
will  be  beneficial  in  the  coal  regions  where  the  traffic  is  as¬ 
sembled  as  well  as  at  points  of  destination,  especially  tidewater, 
permitting  a  quicker  movement  of  traffic  over  the  entire  system. 
Conservatively  estimated,  on  the  basis  of  the  present  business, 
this  saving  should  amount  to  approximately  $500  000  a  year. 

METHOD  OF  OPERATING  THE  NEW  AND  OLD  LINES 

While  it  has  not  been  definitely  decided,  it  seems  from  an 
operating  standpoint  that  the  new  line  can  be  better  operated 
by  using  both  tracks  for  eastbound  freight  trains  and  the  present 
main  tracks  and  third  tracks  for  east  and  westbound  passenger 
trains  and  all  westbound  freight  trains.  Although  the  line 
is  shorter  bv  the  new  route  this  advantage,  from  the  stand¬ 
point  of  passenger  traffic,  is  offset  by  the  old  line  having  no 
tunnels  and  being  along  the  Potomac  River  the  entire  distance. 
Facilities  for  handling  passenger  traffic  will,  however,  be  greatly 
improved  by  the  elimination  of  the  helper  station  and  the  re¬ 
moval  of  the  eastbound  fast  and  slow  freight  trains  from  the 
old  line. 

Table  No.  18  shows  the  estimated  cost  of  adding  additional 
tracks  on  the  present  line  and  grade  to  make  four  tracks 
throughout  and  the  estimated  cost  of  the  new  two-track  line 
which  with  the  old  line  will  give  four  tracks.  This  table  also 
gives  the  annual  operating  cost,  with  and  without  interest,  of 
each  line  for  the  present  traffic  and  double  that  traffic. 

Table  No.  18 

SUMMARY  OF  COST  OF  OPERATION 


Cost  of 

Present  Traffic 

100  Percent  More 

New 

Construe. 

An.  Cost 
of  Op. 

Cost  of  Op. 
Inc.  Int. 

An.  Cost 
of  Op. 

Cost  of  Op. 
Inc.  Int. 

Present  Line  &  Grade.  .  .  .$3  375  000  $615  087  $/S3  83/  $1  230  174 

4-tracks 

New  Line  .  6  000  000  284  580  584  580  569  160 

2-tracks* 

Saving  New  Line  .  330  507  199  257  661  014 

‘Two  new  tracks  with  present  line  will  make  a  four  track  line. 


$1  398  924 
869  160 
529  764 


Hs.  50.  Hilside  Work— West  of  Orleans  Road. 
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-  CONSTRUCTION  OF  THE  CUT-OFF 

GENERAL  DESCRIPTION 

The  Magnolia  Cut-Off  Improvement  begins  at  Orleans 
Road  on  the  east,  rising  on  a  0.4  percent  compensated  grade  to 
a  summit  immediately  west  of  Doe  Gully,  where  it  begins  to 
descend  westward  on  a  0.1  percent  compensated  grade  to  Little 
Cacapon,  a  total  distance  of  twelve  miles.  A  saving  of  5.78 
miles  in  distance  and  877  deg.  in  curvature  is  effected.  From 

east  to  west  the  main  features  are  as  follows : 

A  double  track  line  diverges  from  the  eastbound  side  of  the 
present  three-track  line  at  a  point  1000  ft.  west  of  the  inter¬ 
locking  tower  at  Orleans  Road.  There  a  side  hill  cut  is  made 
alongside  of  the  operated  tracks,  and  the  line  rises  on  a  0.4 
percent  compensated  grade  for  4500  feet  to  a  point  where  the 
new  line  will  meet  the  operated  line  at  grade.  The  line  con¬ 
tinues  on  a  0.4  percent  grade  through  the  ridge  at  Doe 
Gully,  where  an  open  cut  is  being  excavated  for 
four  tracks  by  removing  the  present  Doe  Gully  Tunnel, 
the  new  line  continues  to  a  point  500  ft.  west  of  the  west 
portal  of  the  old  tunnel  where  it  diverges  from  the  operated 
tracks  on  the  eastbound  side.  It  then  descends  with  a  0.1  percent 
grade  and  instead  of  following  the  river  around  the  point, 
passes  through  “Randolph  Tunnel,”  which  is  1014  ft.  in  length. 

Then  continuing  with  a  0.1  percent  descending  grade,  the 
line  follows  the  present  operated  tracks,  rising  above  them  on 
the  side  of  the  hill  to  Hansrote,  where  it  diverges  to  the  south 
and  cuts  through  the  divide  by  “Stuart  Tunnel,”  3818  ft.  in 
length.  It  emerges  at  Magnolia  practically  at  right  angles  to 
the  operated  line,  which  it  crosses  on  a  continuation  of  the 
Potomac  River  Bridge  immediately  east  of  the  signal  tower. 
The  difference  in  elevation  of  the  two  lines  at  this  point  is  50  ft. 

Crossing  the  Potomac  River  it  continues  on  the  0.1  percent 
descending  grade  and  passes  through  the  ridge  by  Graham 
Tunnel,”  1580  ft.  in  length,  thus  cutting  off  a  long  loop  made 
by  the  river  around  the  hill,  saving  about  two  miles  in  distance. 

Emerging  from  “Graham  Tunnel”  the  line  again  crosses 
the  Potomac  River  to  Kessler’s  Curve,  the  bridge  crossing  the 
present  operated  line  over  head. 


Fig.  51.  Fill— 6000  ft.  East  of  Doe  Gully. 
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Then  still  descending  with  a  0.1  percent  grade  through  a 
small  cut,  the  line  follows  along  the  steep  hillside  on  a  bench 
about  40  ft.  above,  and  south  of  the  present  tracks.  On  account 
of  the  bluff  being  almost  shear  to  the  operated  tracks,  a  retain¬ 
ing  wall  1800  ft.  in  length  is  provided  between  the  old  and  new 
tracks.  West  of  this  inter-track  wall  the  new  line  again  di¬ 
verges  from  the  old  for  a  short  distance  and  passes  through 
“Carothers  Tunnel,”  1000  ft.  in  length.  Continuing  to  descend 
on  a  0.1  percent  grade,  the  line  passes  the  southerly  edge  of 
the  town  of  Paw  Paw  through  a  cut  of  considerable  proportions. 

The  four  tunnels — Stuart,  Carothers,  Graham  and  Randolph 
— have  been  named  after  the  present  and  past  Chief  Engineers 
of  the  Baltimore  and  Ohio. 

At  a  short  distance  west  of  Paw  Paw  the  new  line  again 
parallels  the  present  tracks  to  the  east  end  of  the  freight  pocket 
at  Little  Cacapon. 

As  the  present  tracks  are  very  close  to  the  Potomac  River 
.west  of  Paw  Paw  where  the  river  is  very  narrow,  it  was  found 
necessary  to  construct  a  retaining  wall  3100  ft.  in  length  along 
the  riverside  to  avoid  further  hillside  work.  The  grade  of  the 
new  tracks  being  higher  than  that  of  the  old,  the  present  line 
was  raised  and  shifted  towards  the  river  and,  in  conjunction 
with  the  new,  forms  a  four-track  railroad  from  the  end  of  the 
freight  pocket  to  the  new  inter-locking  tower  at  Little  Cacapon. 

The  quantity  of  materials  handled  runs  into  large  pro¬ 
portions  when  compared  with  the  length  of  the  line.  A  total 
of  nearly  3  300  000  cu.  yd.  of  unclassified  excavation  is  involved 
and  6912  lineal  ft.  of  tunnel.  The  tunnel  excavation  approx¬ 
imates  240  000  cu.  yd.  of  rock  not  included  in  the  above  figures. 
The  larger  proportion  of  material  handled  was  rock  and,  due 
to  the  irregular  and  broken  formation,  offered  a  difficult  prob¬ 
lem  for  solution  at  several  places. 

The  following  general  views  taken  in  September,  1914,  show 
clearly  the  magnitude  of  this  work  and  give  a  good  impression 
of  the  country  through  which  the  line  passes. 

Fig.  39  is  a  view  looking  east  from  the  east  end  of  Doe  Gully 
Cut  over  the  four-track  fill  toward  Orleans  Road. 

Fig.  40  is  a  view  looking  east  through  Doe  Gully  Cut  taken 


^  ig.  52.  Doe  Gully  Cut,  Looking  West. 
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from  a  point  immediately  above  the  east  portal  of  Randolph 
Tunnel. 

Fig*.  41  is  a  view  looking  east  along  the  hillside  toward 
Randolph  Tunnel  which  can  be  seen  in  the  distance.  Along  this 
part  of  the  line  the  new  grade  is  about  40  ft.  above  the  present 

tracks. 

Fig.  42  is  a  view  looking  down  the  river  toward  Magnolia 
Bridge.  The  east  portal  of  Graham  Tunnel  can  be  seen  on  the 
left  at  the  west  end  of  the  bridge. 

Fig.  43  is  a  view  looking  east  along  the  inter-track  wall 
and  hillside  cut  which  is  located  west  of  Kessler’s  river  crossing. 

Fig.  44  is  a  view  looking  west  toward  the  east  portal  cut 
of  Carothers  Tunnel. 

Fig.  45  is  a  view  looking  east  along  the  river  wall;  the 
heavy  cutting  through  the  town  of  Paw  Paw  can  be  seen  in 

the  distance. 

GEOLOGY  OF  COUNTRY 

It  may  be  of  interest  to  speak  briefly  of  the  geological  con¬ 
ditions  obtaining  in  the  country  through  which  this  improve¬ 
ment  is  constructed.  This  new  work  lies  entirely  within  what 
is  known  geologically  as  the  Appalachian  "V  alley,  a  region  of 
parallel  folds  of  comparatively  moderate  wave  length.  The 
rocks  are  all  sedimentary  and  belong  to  the  Devonian  Age, 
having  a  depth  of  4000  ft.  to  4800  ft.  in  the  Jennings  formation. 

As  noted  on  the  topographic  sheet,  Fig.  46,  the  topography 
is  considerably  broken  up  and  consists  of  ridges  running  m  a 
northeasterly  and  southwesterly  direction,  paralleling  the  Ap¬ 
palachian  Range.  The  Potomac  River  is  the  only  stream  in  this 
locality  which  cuts  across  these  ridges;  it  flows  through  a  nar¬ 
row  gorge-like  valley  and  assumes  considerable  proportions 
during  the  period  of  winter  and  spring  rains. 

The  tributary  streams  draining  into  the  Potomac  follow 
the  valleys  between  the  ridges  and  have  small  creeks  running 
into  them  substantially  at  right  angles.  This  “  trellis  arrange¬ 
ment  of  drainage  evidently  results  from  the  geologic  transforma¬ 
tion  which  took  place  in  an  early  age  and  was  probably  caused 
by  the  upheaval  of  the  earth’s  surfuce  due  to  great  pressure 
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in  a  northeasterly  and  southwesterly  direction  which  resulted  in 
the  formation  of  ridges  at  right  angles  thereto. 

The  formation  represented  in  the  local  section,  in  which 
lies  the  Magnolia  Improvement,  is  known  as  the  Jennings,  and 
consists  of  a  buff  sandy  shale,  platy  gray  shale,  soft  sandstone 
and  thin  conglomerate  beds.  The  stratification  of  these  rocks 
dips  from  53  to  54  deg.  east  and  the  strike  is  about  34  deg.  east 
of  north.  This  condition  is  indicated  on  the  geological  section. 
Fig.  47,  which  is  taken  at  right  angles  to  the  strike. 

From  maps,  Figs.  36  and  46,  it  is  seen  that  the  general 
direction  of  the  new  work  lies  parallel  to  the  strike  of  these 
rocks,  and  that  because  of  this  condition  the  easterly  slopes  of 
the  cuts  would  expose  the  ends  of  the  different  strata.  In  gen¬ 
eral  the  beds  were  found  to  be  of  widely  varying  thicknesses  and 
degrees  of  disintegration.  They  were  fissured  and  checked  very 
extensively  and  it  was  owffng  to  this  particular  condition  that 
great  care  had  to  be  exercised  in  the  excavation  of  the  slopes 
on  that  part  of  the  new  line  lying  close  to  the  present  operated 
tracks.  Careful  watch  had  to  be  kept  at  all  times  to  see  that 
none  of  these  blocks  of  stone,  made  by  the  fissures  and  cracks 
vertical  to  the  dip,  would  loosen  unexpectedly  and  fall  onto  the 
tracks,  and  possibly  having  once  loosened  thev  might  bring 
down  a  considerable  area  of  stone  above  them. 

In  dressing  the  slopes  care  had  to  be  exercised  that  no 
rock  w as  left,  a  large  proportion  of  which  was  not  thoroughly 
embedded  in  the  slopes. 

Except  in  the  tunnel  approaches  and  in  the  large  cut  at 
Doe  Gully,  it  is  generally  true  that  the  slopes  of  the  cut  lie  in 
the  southeast  quadrant  on  sidehill  work. 

Of  course,  the  best  exposure  of  these  rocks  was  made  by 
the  Doe  Gully  cut,  which  has  a  maximum  depth  of  over  200  ft. 
Here  the  tunnel  tangent  lies  almost  parallel  to  the  strike  and 
on  the  w est  side  the  slope  could  be  made  to  follow  the  stratifica¬ 
tion.  Several  unexpected  conditions  were  found  in  this  cut 
due  to  a  decided  change  or  crushing  in  the  plane  of  the  strata. 
In  some  cases  this  caused  considerable  difficulty  in  maintaining 
the  slopes  and  in  handling  of  the  work  in  this  unusually  large 
cut.  This  failure  of  the  strata  can  be  plainly  seen  in  the  pho¬ 
tograph,  Fig.  48,  at  a  point  close  to  the  shovel.  No  indication 


Fig.  53.  Doe  Gully  Cut,  Looking  East. 


THOMPSON - MAGNOLIA  CUT-OFF  ON  B.  <fc  O.  R.  R.  907 

of  these  conditions  was  evident  on  the  approach  cuts  of  the  old 
tunnel  or  on  the  surface  of  the  ground.  After  widening  the 
cut  and  changing  the  rate  of  slope  over  the  area  covered  by 
these  changes  in  the  beds  of  the  rock,  it  is  thought  that  no  more 
difficulty  will  be  experienced  and  that  the  slopes  will  be  prac¬ 
tically  self-supporting. 

ORLEANS  ROAD - SIDEHILL  CUT 

The  hillside  work  west  of  Orleans  Road  presented  no  great 
difficulties  other  than  caused  by  its  closeness  to  the  present 
tracks,  as  shown  by  Figs.  49  and  50.  The  greater  percent  of  the 
material  was  rock  which  was  taken  out  in  benches  with  about 
8  ft.  cuts.  With  the  exception  of  such  quantities  that  fell  down 
the  slopes  and  was  carried  across  the  tracks  below,  the  material 
was  wasted  at  the  bench  levels  in  the  ravines  of  Rockwells  Run 
and  other  streams. 

Steam  drills  were  used  on  this  work  together  with  one  No. 
40  and  one  No.  60  Marion  steam  shovel.  On  account  of  the 
nearness  to  the  present  tracks,  it  was  necessary  to  use  great 
care  in  blasting.  A  number  of  men  were  stationed  at  the  foot 
of  the  slope  in  order  to  keep  the  operated  tracks  clear  of  loose 
stones  which  fell  from  the  work  above  and  to  prevent  the  line 
from  being  blocked. 

This  work  was  handled  by  force  account  labor,  as  was  done 
on  other  sections  of  the  improvement. 

DOE  GULLY  EMBANKMENT 

At  a  point  about  6000  ft.  east  of  Doe  Gully  the  new  line 
was  constructed  with  a  0.4  percent  ascending  westbound  grade 
on  a  large  embankment  containing  approximately  1  000  000  cu. 
yd.  of  material.  This  was  possible  on  account  of  the  large 
amount  of  excavation  taken  from  the  Doe  Gully  Cut  which 
would  have  been  entirely  wasted  had  not  this  provision  been 
made.  At  the  present  time  two  new  tracks  have  been  laid  on 
this  fill  and  eventually  it  is  the  intention  to  complete  with  four 
tracks  and  abandon  the  present  two  tracks  along  the  hillside. 

AVTiile  this  new  embankment  does  not  reduce  the  curvature, 
it  permits  a  curve  of  larger  radius,  having  a  4  deg.  curve  in¬ 
stead  of  the  6  deg.  curve  now  on  the  present  line.  The  con¬ 
struction  of  this  embankment  was  carried  out  in  the  usual  wav 
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the  material  being  dumped  from  temporary  trestles,  as  indicated 
by  Fig.  51. 

DOE  GULLY  CUT 

At  Doe  Gully  the  double  track  tunnel  is  being  replaced  by 
a  four-track  open  cut  with  a  maximum  depth  on  center  line  of 
200  ft.  and  requiring  the  removal  of  approximately  1  400  000 
cu.  yd.  of  material. 

The  strata  in  Doe  Gully  Cut  from  surface  indications  before 
the  work  was  started  appeared  to  dip  in  an  easterly  direction 
at  an  angle  of  about  40  deg.  It  was  planned  to  take  out  the 
west  slope  in  three  benches,  the  faces  to  coincide  with  the  dip 
and  the  easterly  face  to  be  sloped  one-half  to  one  with  two  25  ft. 
benches. 

The  grade  of  the  new  line  is  about  12  ft.  below  the  present 
tracks  and  on  account  of  the  necessity  to  keep  the  present 
double-track  tunnel  open  for  continuous  service  the  material  in 
the  cut  was  excavated  by  steam  shovels  in  the  usual  manner  to 
within  a  short  distance  from  the  top  of  the  tunnel;  then  the 
west  side  was  excavated  to  grade,  leaving  a  substantial  shoulder 
over  the  tunnel.  A  small  steam  shovel  is  now  at  work  re¬ 
moving  the  remainder  of  the  material  above  the  tunnel,  after 
W’hich  the  tunnel  will  be  removed  and  excavation  carried  to 
grade,  completing  the  cut  for  four  tracks. 

After  good  progress  had  been  made  the  work  was  compli¬ 
cated  by  finding  that  the  strata  did  not  maintain  the  uniform 
dip  indicated  from  surface  conditions.  Instead,  they  turned  and 
twisted  in  a  most  irregular  way,  being  almost  vertical  in  places, 
bent  in  others  and  presenting  cracks,  as  a  result  of  which  part 
of  the  bench  was  lost.  Over  the  old  tunnel  a  seam  of  rotten 
rock  was  found  and  the  work  which  before  was  cautiously 
handled  was  approached  with  redoubled  care.  To  prevent  a 
tie-up  in  case  of  accident  to  the  old  tunnel,  the  new  grade  was 
excavated  alongside  on  a  gentle  slope  from  each  end  so  that 
tracks  could  be  laid  and  traffic  taken  care  of  with  little  delay. 
Tracks  were  laid  on  the  new  grade  and  traffic  diverted  until 
August  when  cracks  developed  and  a  large  slide  occurred,  which 
made  it  necessary  to  take  out  the  tracks  and  again  put  the 
traffic  through  the  tunnel. 


Fig.  55.  Bench — 1400  ft.  West  of  Randolph  Tunnel,  Looking  East. 
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One  No.  40  Marion,  three  No.  60  Marion  and  one  No.  73 
Bucyrus  steam  shovels  were  operated  in  this  cut. 

The  drilling  was  all  done  by  air  drills,  using  air  at  a  pres¬ 
sure  of  80  lb.  for  which  a  six-inch  main  was  laid  over  the  moun¬ 
tain  and  along  the  east  side  of  the  cut. 

On  account  of  the  depth  of  the  cut  and  loose  character  of 
the  material,  the  slopes  were  benched  at  intervals  of  fifty  feet 
vertically  with  gradients  of  3  percent  upper,  2  percent  middle 
and  iy2  percent  lower  levels.  These  benches  were  designed  to 
afford  drainage  and  prevent  slides. 

Fig.  52  is  a  view  taken  in  July,  1914,  looking  west  through 
Doe  Gully  Cut.  It  will  be  noted  that  the  grade  has  been  main¬ 
tained  through  the  entire  cut  so  that  temporary  track  can  be 
laid  in  case  it  becomes  necessary  to  divert  traffic  from  the  tun¬ 
nel.  The  small  steam  shovel  on  the  top  of  the  tunnel  was 
used  to  excavate  the  remaining  material  covering  the  tunnel. 

Fig.  53  is  a  view  taken  July,  1914,  looking  east  through 
Doe  Gully  Cut.  It  will  be  noted  that  about  the  middle  of  the 
view  the  bench  was  lost  by  a  small  slide. 

RANDOLPH  TUNNEL 

A  short  distance  west  of  Doe  Gully  the  new  line  instead  of 
going  around  the  point  cuts  through  the  ridge  by  Randolph 
Tunnel  which  is  1014  ft.  in  length,  and  on  a  4  deg.  curve. 

The  same  method  of  driving  was  used  on  all  four  tunnels, 
namely :  a  top  heading  about  9  ft.  by  16  ft.  was  driven,  followed 
by  a  No.  60  Marion  shovel  operated  by  compressed  air  which 
widened  it  to  the  full  arch  section.  As  the  excavation  progressed 
the  rock  was  lined  with  timber,  which  was  replaced  with  per¬ 
manent  concrete  lining  as  soon  as  the  shovel  work  was  com¬ 
pleted.  The  standard  arch  section,  as  shown  by  Fig.  54,  con¬ 
sists  of  gravel  concrete  up  to  the  25  deg.  line,  above  which  point 
broken  stone  concrete  is  used,  faced  with  one  course  of  brick.  The 
tunnel  work  on  the  improvement  differed  from  the  standard 
section,  as  broken  stone  concrete  was  used  throughout.  Every 
fifth  brick  is  made  a  header  to  secure  a  bond  with  the  concrete. 
It  was  found  during  the  past  several  years  that  concrete  lining 
in  the  tunnels  was  seriously  affected  by  the  gases  from  loco¬ 
motives,  causing  rapid  deterioration  of  the  concrete.  Experience 


Fig.  56.  Magnolia  Bridge,  Looking  East,  April  1914. 
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has  shown  that  the  standard  tunnel  lining  as  adopted,  using 
3  in.  by  4  in.  by  9  in.  vitrified  shale  brick,  has  been  very  satis- 
tory  and  almost  impervious  to  the  action  of  locomotive  gases 

There  were  8200  cu.  yd.  of  concrete  used  in  this  tunnel 

ining,  the  mixture  of  which  was  one  part  cement,  three  parts 

sand  and  five  parts  broken  stone.  Various  brands  of  portland 

cement  were  used,  all  of  which  were  tested  by  the  Baltimore  and 
Ohio  inspectors. 

All  four  tunnels  on  this  line  have  extra  large  sections  for 
clearance  and  provision  is  made  for  14  ft.  track  centers  The 
arch  has  a  radius  of  15  ft.  6  in.,  the  distance  from  the  top  of 
rail  to  the  key-stone  of  arch  being  24  ft.  6  in.  On  account  of 
handling  very  heavy  Mallet  locomotives  over  this  division  be¬ 
tween  the  mountain  grades  of  West  Virginia  and  Pennsylvania 
and  Mt.  Clare  Shops,  Baltimore,  it  is  necessary  to  construct 
all  new  tunnels  with  a  maximum  clearance. 

SIDEHILL  WORK  NEAR  HANSROTE 

As  noted  elsewhere  in  this  paper,  a  very  interesting  section 
of  the  work  extends  along  the  hillside  about  one  and  one-half 

miles  in  a  southerly  direction  from  Randolph  Tunnel  to  Hans- 

rote. 

Between  those  points  the  new  line  is  located  on  a  bench 
above  and  very  close  to  the  present  operated  tracks.  On  ac¬ 
count  of  the  danger  to  existing  traffic,  great  care  was  used  in 
prosecuting  the  work.  Over  400  000  cu.  yd.  of  material  were  re¬ 
moved  by  force  account  labor.  Drills  were  used  and  most  of 
the  material  was  removed  with  steam  shovels  by  excavating 
benches  about  8  ft.  in  depth.  The  material  was  wasted  in 
ravines  at  the  different  levels  of  the  benches  and  a  large  nuan- 
i  y  was  placed  on  the  river  side  of  the  present  tracks.  This  will 
permit  the  present  tracks  to  be  lined  out  and  reduce  the  maxi¬ 
mum  degree  of  curvature  from  five  to  three  degrees. 

Fig.  55  is  a  view  taken  April,  1914,  and  gives  a  clear  idea 
of  the  proximity  of  the  sidehill  work  to  the  present  tracks 
immediately  west  of  Randolph  Tunnel. 

STUART  TUNNEL 

Leaving  the  operated  tracks  at  Hansrote  the  new  line  turns 
abruptly  into  the  hill  and  crosses  the  divide  through  Stuart 


Fig.  57.  Magnolia  Bridge,  Looking  East,  August  1914 
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Tunnel,  3318  ft.  long,  which  is  located  on  tangent  except  for  a 
spiral  within  the  east  portal.  The  east  approach  cut  of  this 
tunnel  required  the  removal  of  over  200  000  cu.  yd.  of  rock  and 
about  90  000  cu.  yd.  of  the  same  material  were  taken  out  of  the 
west  approach  cut.  Considerable  difficulty  was  encountered  in 
the  west  portal  excavation  on  account  of  the  almost  vertical  dip 
and  badly  broken  strata. 

The  average  heading  section  is  about  120  sq.  ft.,  but  over- 
breaks  developed,  increasing  this  in  one  place  to  185  sq.  ft.  The 
strata  \aries  in  dip  from  45  deg.  to  considerably  under  this,  the 
strike  being  approximately  parallel  to  the  center  line. 

The  tunnel  was  driven  from  the  west  portal  and  two  shafts, 
117  ft.  and  40  ft.  deep,  respectively.  The  east  approach  cut 

was  not  completed  in  time  to  enable  a  heading  to  be  driven  from 
the  east  portal. 

The  headings  were  driven  as  usual,  working  from  five 
points,  and  were  widened  to  the  full  section  by  hand  except  for 
the  first  1000  ft.  in  from  the  west  heading,  where  a  small  No.  40 
Marion  shovel  operated  by  compressed  air  was  used.  With  this 
shovel  from  60  ft.  to  70  ft.  of  arch  were  widened  and  timbered 
per  week,  as  compared  with  about  45  ft.  by  hand.  About  6  ft. 
of  bench  were  taken  out  by  the  small  shovel  at  the  same  time, 
thus  securing  ample  working  clearance.  A  large  No.  60  Marion 
shovel,  also  operated  by  compressed  air,  was  then  used  in  re¬ 
moving  the  bench  and  small  cars  electrically  driven  were  used 
for  disposing  of  the  material.  Some  difficulty  was  encountered 
in  establishing  the  west  portal  and  on  account  of  the  question¬ 
able  character  of  the  material  at  the  east  end  the  heading  from 
the  center  shaft  was  driven  to  within  about  70  ft.  of  the  east 
portal,  at  which  point  it  opened  into  two  wall  plate  drifts.  The 
entire  arch  section  was  then  removed  for  30  ft.,  after  which  the 
wall  plate  drifts  alone  were  driven,  leaving  the  center  support 
or  the  roof  for  about  40  ft.  in  from  the  portal  until  the  portal 
was  turned.  At  two  places  thin  strata  separated  by  clay  were 

encountered,  and  falls  occurred  which  delayed  the  work  con¬ 
siderably. 

Both  timber  and  steel  forms  were  used  in  the  tunnel  lining 
tWre  being  over  2200  ft.  of  the  latter  used  in  sections  of  the 
tunnel  where  unstable  material  was  encountered.  The  metal 
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arches  appear  to  be  a  great  improvement  over  the  timber  in 
that  they  reduce  the  tunnel  excavation.  They  were  not  remov¬ 
ed,  the  concrete  being  placed  around  them.  This  did  away  with 
some  packing  and  increased  the  strength  of  the  arch,  /-beams, 
having  a  section  of  15  lb.  per  ft.  were  used  in  this  arching,  being 

placed  on  5  ft.  to  T1^  ft.  centers,  depending  on  the  character  of 
material  to  be  supported. 

As  the  tunnel  excavation  progressed  and  the  timber  and 
steel  forms  were  placed,  they  were  followed  up  by  the  concrete 
lining,  having  dimensions  according  to  the  standard  section. 
There  were  26  600  cu.  yd.  of  concrete  used,  mixed  with  a  com¬ 
pressed  air  operated  mixer  in  the  proportion  of  one  part  cement, 
three  parts  sand  and  five  parts  broken  stone.  As  this  was  the 
longest  tunnel  and  presented  the  most  difficulties  in  excavation, 
it  w'as  the  last  to  have  the  lining  completed. 

SUPERSTRUCTURES  OF  POTOMAC  RIVER  CROSSINGS 

The  first  river  crossing  is  west  of  Stuart  Tunnel  at  Mag¬ 
nolia.  It  is  about  1000  ft.  in  length  and  consists  of  six  100  ft., 
three  80  ft.  and  twTo  75  ft.  deck  plate  girder  spans  placed  on 
concrete  piers;  the  new  grade  is  50  ft.  above  the  old  line  and 
about  80  ft.  above  low  w^ater.  As  noted  elsewhere,  this  bridge 
forms  the  east  approach  to  Graham  Tunnel,  which  is  1580  ft.  in 

length  and  passes  through  the  ridge  between  the  two  river 
crossings. 

The  second  river  bridge  is  at  Kessler's  curve,  immediately 
west  of  Graham  Tunnel,  and  con«iVs  of  four  100  ft.  and  six  75 
ft.  deck  plate  girder  spans  with  three  skew'  girder  spans  which 
are  over  the  present  operated  line.  The  three  skew  spans  have 
a  combined  length  of  20214  ft.,  making  a  total  length  of  the 
bridge  of  105214  ft.  Foot  w^alks  between  tracks  wTere  provided, 
as  well  as  refuge  bays  on  each  side  to  provide  greater  safety  to 
track  and  bridge  men.  The  100  ft.  girders  have  a  depth  of  9 
feet,  while  the  80  ft.  and  75  ft.  girders  have  a  depth  of  8  ft.  and 
7  ft.  respectively.  The  bridges  at  both  river  crossings  have  open 
floor  spans  except  the  two  crossings  over  the  present  operated 
tracks,  where  solid  floors  are  used  for  protection  against  the 
gases  of  engines  passing  beneath  on  the  old  line. 

The  steel  w^ork  was  erected  from  the  shore,  without  false- 


Fig.  59.  Kessler’s  Bridge,  Looking  West. 
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work,  with  a  fifty-ton  derrick  car,  which  picked  up  the  material 
from  the  low  level  and  placed  it  in  position,  moving  outward  as 
the  work  progressed.  The  field  riveting  was  done  with  com¬ 
pressed  air.  The  structures  were  designed  for  £*-60  loading,  B. 
&  0.  R.  R.  specifications  for  material  and  workmanship.  This  will 
permit,  with  a  large  factor  of  safety,  the  heaviest  engine  and 
train  loading  in  service  at  the  present  time.  Fig.  57  shows  the 
steel  placed  on  Magnolia  Bridge  looking  east,  August.  1914. 
The  town  of  Magnolia  is  noted  on  the  West  Virginia  side  of  the 
river  and  the  contractor’s  power  plant  to  the  left  of  the  fill 
at  the  east  end  of  the  bridge.  A  total  of  about  3000  tons  of 
steel  were  placed,  divided  nearly  evenly  between  the  two  bridges. 

SUBSTRUCTURES 

The  piers  of  both  structures  were  founded  on  bed  rock  about 
5  ft.  below  the  river  bottom.  The  cofferdams,  made  with  plain 
sheathing  and  clay  puddling,  were  placed  on  the  bottom  of  the 
river  and  carried  to  the  height  of  ordinary  high  water.  The 
rov  k  substrata  lie  near  the  surface  at  both  crossings,  so  that 
the  foundations  did  not  present  any  difficulties  and  no  floating 
plant  was  necessary.  Ordinary  wooden  forms  were  used,  as 
shown  by  Fig.  56,  which  were  made  in  sections  and  handled  by 
a  derrick  as  the  work  progressed. 

About  26  000  eu.  yd.  of  concrete  were  required  for  piers  and 
abutments,  which  was  deposited  mainly  from  towers  located 
either  on  the  bank  or  at  the  first  river  pier  which  could  be 
reached  by  a  derrick.  The  tower  at  Kessler’s  crossing  was  lo¬ 
cated  near  the  west  bank  of  the  river  and  was  185  ft.  in  height. 
In  the  upper  portion  of  a  few  of  the  piers  above  the  reach  of 
the  tower,  concrete  was  deposited  by  compressed  air  and  two 

of  the  piers  were  completed  by  depositing  concrete  direetlv  with 
a  derrick. 

Revolving  mixers,  one  yard  capacity,  located  on  the  banks 
of  the  river,  were  used  in  mixing  the  concrete,  which  was  com¬ 
posed  of  one  part  cement,  three  parts  sand  and  five  parts  broken 
stone.  The  major  portion  of  the  concrete  was  delivered  to  the 
towers  by  derricks  and  tramways,  elevated  and  deposited  into 
the  various  units  through  chutes.  Fig.  58  shows  the  completed 
piers,  of  Kessler’s  bridge,  July,  1914,  looking  east  toward  the 
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west  portal  of  Graham  Tunnel.  The  tower  can  readily  be  seen 
in  the  view  and  the  tracks  of  the  old  line  can  be  seen  in  the 
foreground.  Fig.  59  shows  the  same  crossing,  July,  1914,  look¬ 
ing  west. 

The  dimensions  of  the  piers  are  8  ft.  by  35  ft.  under  the 
coping ;  the  batter  is  -^>  in.  in  12  in.  on  all  faces.  The  height  of 
the  grade  line  (top  of  rail)  above  low  water  is  approximately 

80  ft. 

Reinforcement  consisted  of  %  in.  round  rods  and  4  in. 
triangular  mesh  wdiich  were  used  in  all  piers  above-  the  footings. 
Vertical  rods  were  placed  near  the  face  of  the  piers  and  hori¬ 
zontal  rods  were  placed  through  the  piers  from  side  to  side 
and  from  end  to  end  in  layers  five  feet  apart. 

In  five  layers  of  horizontal  rods  placed  parallel  to  the  center 
line  of  the  pier,  the  rods  were  spaced  24  in.  center  to  center, 
and  in  the  three  corresponding  layers  of  rods  passing  through 
the  piers  from  end  to  end  at  right  angles  to  the  center  line,  the 
rods  were  spaced  12  in.  center  to  center  while  in  two  layers 
a  24  in.  spacing  was  used. 

The  various  stages  in  the  construction  of  the  Potomac  River 
bridges  are  shown  very  clearly  by  Figs.  56,  57,  58  and  59. 

GRAHAM  TUNNEL 

As  noted,  this  tunnel  is  1580  ft.  in  length  and  is  located 
betweeen  the  twro  river  bridges.  It  differs  from  the  Randolph 
and  Stuart  tunnels  previously  described,  in  that  it  is  driven 
through  stable  rock  instead  of  the  loose,  rapidly  weathering 
material.  It  was  driven  by  the  same  methods  employed  at  the 
other  tunnels,  drills  operated  by  compressed  air  and  one  No.  60 
Marion  shovel  being  used.  Timber  cribbing  was  placed  as  the 
excavation  progressed,  followed  by  the  standard  tunnel  lining, 
using  12  700  cu.  yd.  of  concrete  of  the  mixture — one  part  ce¬ 
ment,  three  parts  sand  and  five  parts  broken  stone.  A  revolving 
mixer  operated  by  compressed  air  Avas  used  in  mixing  the  con¬ 
crete. 

Fig.  60  shows  the  west  portal  of  Graham  Tunnel,  August 
1914,  before  the  completion  of  the  concrete  lining.  This  view 
gives  a  very  good  idea  of  the  strata  underlying  this  mountain. 


Fig.  6U.  West  Portal  of  Graham  Tunnel. 
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CONCRETE  RETAINING  WALLS 

Beginning  at  Kessler's  curve,  the  new  line  again  follows  in 
a  southerly  direction  on  a  bench  along  the  hillside  about  40  ft. 
above  and  paralleling  the  old  line  for  a  mile  and  one-half.  Over 
80  000  cu.  yd.  of  rock  were  taken  out  along  this  bench  at  eleva¬ 
tions  varying  from  40  ft.  to  100  ft.  above  the  operated  line. 
On  account  of  the  hazardous  nature  of  the  work,  it  was  handled 
by  force  account  labor  under  about  the  same  methods  employed 
east  of  Hansrote.  All  of  the  sidehill  cuts  were  benched  in  order 
to  prevent  slides  and  to  reduce  blockading  the  operated  line  to 
a  minimum. 

To  reduce  the  sidehill  excavation  it  was  necessary  to  con¬ 
struct  a  retaining  wall  1800  ft.  in  length,  located  near  the  west 
end  of  the  section.  This  wall  is  not  reinforced  and  is  of  gravity 
section,  having  a  maximum  height  above  the  footing  of  31  ft. 
It,  is  21/2  ft.  wide  at  the  top  and  15  ft.  wide  at  the  base.  The 
elevation  of  the  top  of  the  footing  was  placed  at  3  ft.  below  the 
top  of  rail  of  the  lower  line.  The  construction  of  the  footing 
caused  considerable  trouble  and  was  extremely  difficult  at 
places  where  it  was  necessary  to  excavate  to  a  maximum  depth 
of  14  ft.  below  the  top  of  footing  in  order  to  secure  a  firm 
foundation.  At  other  points  a  40  ft.  rock  face  had  to  he  moved 
to  secure  sufficient  room.  The  top  of  the  wall  is  4  ft.  above  the 
elevation  of  the  subgrade  of  the  new  line. 

This  inter-track  wall  is  located  between  the  old  and  new 
line  and  required  the  placing  of  22  000  cu.  yd.  of  concrete.  It 
was  deposited  by  a  movable  traveler  which  spanned  the  two 
operated  main  tracks  and  moved  on  two  rails  supported  on 
timber  blocking.  This  traveler  proved  very  satisfactory;  it  was 
constructed  of  steel  and  had  a  clearance  of  32  ft.  9  in.  hori¬ 
zontal  and  23  ft.  3  in.  vertical  above  the  high  rail  on  curves. 

The  traveler  was  equipped  with  two  derricks  having  50  ft. 
booms  and  two  boilers  and  hoisting  engines  on  the  upper  deck. 
Tn  this  way  all  of  the  excavating  for  the  retaining  wall  footings 
and  all  the  concrete  was  handled  without  interfering  with  the 
operated  tracks  and  without  any  material  being  moved  across 
the  tracks  at  grade.  The  derrick  located  ahead  on  the  platform 
handled  all  of  the  material  excavated  from  the  footings  while 


I'ig.  61.  Intertrack  Wall  Between  Graham  and  Carothers  Tunnels. 
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the  rear  derrick  deposited  the  concrete.  The  concrete  mixing 
plant'  was  located  nearly  one-half  mile  west  from  the  work 
on  account  of  insufficient  room  nearby  and  the  material  was 
carried  to  the  traveler  in  small  cars  which  were  picked  up  and 


emptied  into  the  forms.  A  cantilever  projection  from  the  trav¬ 
eler  supported  the  wall  forms  which  were  of  steel  and  their 
position  relative  to  the  traveler  was  regulated  by  turn-buckle 
adjustments  in  the  vertical  and  horizontal  supporting  rods.  As 
the  forms  were  moved  ahead  from  one  section  of  the  wall  to  the 
next,  they  were  lifted  free  of  the  completed  work.  The  wall 
was  built  in  50  ft.  sections.  The  concrete  mixture  consisted 
of  one  part  cement,  three  parts  sand  and  five  parts  broken 


stone. 

With  the  necessary  foundation  excavation  work  and  shift¬ 
ing  and  adjustment  of  traveler  and  forms,  about  two  50  ft.  sec¬ 
tions  were  completed  per  week.  At  the  joint  between  each  day  s 
pouring  a  bond  was  secured  to  the  adjacent  rock  face.  The  new 
roadbed  was  back  filled  behind  the  wall  as  it  was  completed. 
About  4000  cubic  yards  of  concrete  were  placed  per  month  by 
the  traveler  during  the  construction  of  the  wall  without  inter- 
fering  with  the  traffic,  although  the  train  movement  was  almost 
continuous  at  this  point.  Fig.  61  shows  the  inter-track  wall  as 
completed  July,  1914,  and  the  traveler  after  it  had  been  dis¬ 
mantled. 


CARGTHERS  TUNNEL 


A  short  distance  west  of  the  inter-track  wall  the  new  line 
diverges  from  the  operated  line  and  passes  through  Car- 
others  Tunnel,  which  is  1000  ft.  in  length.  The  material 
excavated  from  this  tunnel  and  the  method  of  driving  v  as  sim¬ 
ilar  to  that  of  the  other  tunnels  on  the  Improvement.  One  No. 
60  Marion  shovel  and  drills  operated  by  compressed  air  were 

used. 

Timber  cribbing  was  placed  as  fast  as  the  excavation 
progressed,  and  this  was  followed  up  by  standard  concrete 
lining,  requiring  8000  cu.  yd.  of  concrete  which  was  of  the  usual 
one-three-five  mixture. 


Fig.  62.  River  Wall  West  of  Paw  Paw,  Looking  East,  December  1913. 
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PAW  PAW  CUT 

One  of  t he  largest  cuts  on  the  line  is  that  along  the  south¬ 
erly  edge  of  Paw  Paw.  The  maximum  depth  on  center  line  at 
this  point  is  96  ft.  Over  500  000  cu.  yd.  of  material  were  re¬ 
moved,  the  greater  part  of  which  was  earth.  It  was  hauled 
west  about  one  and  one-quarter  miles  to  a  point  where  the  old 
line  was  raised  about  7  ft.  and  shifted  towards  the  river  in  order 
to  make  room  for  a  four-track  line  without  disturbing  the  rock 
hillside.  This  improvement,  at  the  same  time,  places  the  grade 
of  the  old  line  above  high  water. 

With  the  exception  of  the  Potomac  River  crossings,  the 
only  steel  bridge  on  the  line  is  an  overhead  highway  structure 
crossing  Paw  Paw  Cut  near  the  town.  There  are  two  12  ft.  and 
two  8  ft.  concrete  arches  on  the  line  and  several  smaller  open¬ 
ings.  There  are  no  highway  crossings  at  grade. 

RIVER  WALL 

A  portion  of  the  new  fill,  referred  to  above,  extends  to  the 
river.  In  order  to  protect  and  at  the  same  time  without  en¬ 
croaching  on  the  stream,  another  retaining  wall  similar  to  that 
east  of  Paw  Paw  was  constructed.  This  wall  is  3100  ft.  in 
length,  has  an  average  height  of  24  ft.,  width  at  top  of  2 y2  ft., 
width  at  base  of  15  ft.  It  required  about  23  000  cu.  yd.  of 
concrete,  which  was  mixed  with  a  rotary  mixer — one  part  ce¬ 
ment,  three  parts  sand  and  five  parts  broken  stone.  The  wall 
being  next  to  the  river  it  was  not  necessary  to  span  the  operated 
tracks  and  only  a  wooden  traveler  was  provided  for  shifting  the 
forms.  The  concrete  was  deposited  with  a  locomotive  crane. 
The  forms  were  of  steel  and  built  in  30  ft.  sections,  two  sets 
were  provided,  which  were  used  alternately. 

Fig.  62  shows  this  wall  under  construction  December,  1913, 
with  a  section  of  the  forms  in  place,  and  Fig.  63  shows  the 
completed  wall. 

RAIL  USED 

The  new  line  is  being  laid  with  100  lb.  A.  R.  A.  Section  H 
rail,  Fig.  10.  rolled  by  the  Maryland  Steel  Company,  1914; 
about  25  percent  of  the  rail  was  made  by  the  open  hearth 
process  and  will  be  used  in  special  places,  while  the  remaining 


1*  ig.  Kiver  Wall  West  of  Paw  Paw,  Looking  West,  April  1914. 


928  PROCEEDINGS  ENGINEERS  ’  SOCIETY  WESTERN  PENN  A. 

75  percent  is  Bessemer  steel;  track  centers  will  be  14  ft.  and 
No.  16  crossovers  will  be  used  throughout. 

In  order  to  conduct  an  experiment  with  reference  to  the 
use  of  rail,  ties,  tie  plates  and  spikes  these  materials  will  be 
used  as  follows. 

/.  Nine  miles  double  track  No.  1  white  oak  untreated 
ties  with  cut  spikes  and  narrow  base  tie  plates. 

2.  Two  miles  double  track;  treated  ties,  bored  for  screw 
spikes  with  wide  base  tie  plates. 

3.  One  mile  double  track  treated  ties  bored  for  screw 
spikes  with  plain  reinforced  angle  bars. 

The  ties  will  be  placed  22  in.  between  centers  and  on 
about  18  in.  of  trap  rock  ballast. 

CHANGES  IN  THE  PRESENT  LINE 

As  indicated,  the  operated  tracks  were  changed  at  several 
places,  introducing  curvature  of  larger  radius  and  also  revising 
the  grade  to  conform  with  that  of  the  new  line.  The  revisions 
were  as  follows : 

1.  Beginning  at  a  point  1000  ft.  west  of  the  inter-locking 
tower  at  Orleans  Road,  the  roadbed  was  raised  to  make  a 
four-track  line  with  the  new  line  to  a  point  500  ft.  west  of  the 
west  end  of  Doe  Gully  Cut. 

2.  Between  Doe  Gully  Cut  and  Hansrote  the  operated 
line  was  shifted  towards  the  river  to  lighten  the  5  deg.  curve 
and  substitute  a  3  deg.  curve. 

3.  At  Kessler’s  curve  the  waste  material  from  the  new 
line  was  utilized  to  make  an  embankment  along  the  Potomac 
River,  and  to  provide  a  roadbed  for  a  7  deg.  curve  in  place  of 
the  9  deg.  curve  on  the  existing  roadbed. 

4.  From  a  point  1000  ft.  west  of  Paw  Paw  a  new  double 
track  roadbed  for  the  operated  line  was  constructed  along  the 
westbound  side  of  the  latter  in  order  to  permit  the  construction 
of  the  new  line  without  disturbing  the  rock  hillside. 

With  the  completion  of  the  new  line  it  is  proposed  to  pro¬ 
vide  the  following  facilities: 

1.  Doe  Gully:  Interlocking  plant  to  handle  switches  for 
standard  four-track  layout. 

2.  Magnolia :  Interlocking  plant  to  handle  crossovers  for 
the  two  double-track  lines. 
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6\  Little  Cacapon :  Additional  functions  to  be  added  to 
inter-locking  tower  to  handle  the  four-track  movement  east  of 
that  point,  and  westbound  pocket. 

4.  Great  Cacapon  to  Doe  Gully :  Automatic  signals  with 
lock  and  block  on  one  track. 

■>.  Doe  Gully  to  Little  Cacapon :  Automatic  signals  with 
lock  and  block  on  one  track  of  the  eastbound  lino. 

6.  Rockwells  Run :  Water  station  to  replace  the  one  now 

in  use. 

The  total  force  employed  was  approximately  2500  men. 
The  work  on  the  cut-off  is  gradually  drawing  to  a  close  and 
by  the  end  of  this  week  the  grade  will  have  been  completed  with 
the  exception  of  the  final  elimination  of  Doe  Gully  Tunnel. 
One  track  is  nearly  completed,  the  helper  station  will  be  abolished, 
and  eastbound  freight  trains  operated  over  the  new  line  by  the 
1st  of  December  (1914). 


CONTRACTORS ,  PLANT 

The  magnitude  of  the  Magnolia  Cut-Off  work  required  a 
large  and  thoroughly  equipped  contractors’  plant. 

The  equipment  aggregated  on  the  entire  work  the  following 
pieces  : 


Shovels — Steam  or  Air 

Marion  . . 

Marion  Osgood  .  . . 
Marion  Osgood  . . . 

Marion  . 

Marion  Osgood  . . 
Bucyrus  . 


Number 
No.  20  ] 

No.  40  1 

No.  50  1 

No.  60  17 
No.  60  1 

No.  73  1 


Total  . 

Locomotives 

Size  of  Cylinders  10  in.  16  in.  and  12  in.  18  in. 
Locomotive  Cranes  . 

Dump  Cars,  about  4  cu.  yd  capacity . 

Concrete  Plants,  revolving  mixers,  1  yard  capacity.  . 
Travelers  spanning  present  tracks  for  inter-track  wall 
Drills 

Air  drills  . 

Air  Jap  drills  . 

Steam  drills  . 

Steam  Jap  drills  . 


22 


55 

2 

550 

6 

1 

64 

2 

46 

4 
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Power  Plants 

Magnolia  . . . 

Doe  Gully  . . .  1 

On  most  of  the  sidehill  work  steam  drills  were  used  while 
air  lines  were  installed  for  the  tunnel  work  and  Doe  Gully  Cut. 

At  Magnolia  one  power  house  was  supplied  with  two  com¬ 
pressors,  each  capable  of  compressing  1644  cu.  ft.  of  free  air 
per  minute,  at  80  lb.  pressure,  to'  a  6  in.  distributing  pipe  line 
about  11  500  ft.  long.  The  other  equipment  consisted  of  six 
100  h.  p.  boilers  and  two  D.  C.  generators  having  a  total  capacity 
of  about  200  kw.  for  lighting  current  at  250  volts.  There  were 
two  sawmills  and  a  forging  and  blacksmith  shop  of  considerable 
capacity  located  at  Magnolia. 

The  Doe  Gully  power  plant  consisted  of  four  100  h.  p.  boil¬ 
ers  and  two  75  h.  p.  boilers,  two  air  compressors  and  one  50  kw. 
generator.  The  air  compressors  would  compress  1644  cu.  ft.  and 
1000  cu.  ft.  of  free  air  per  minute  respectively. 

Suitable  camps  were  provided  to  house  laborers  and  other 
employes  at  Doe  Gully,  Hansrote,  Magnolia,  Kesslers  and  Paw 
Paw,  particular  attention  being  paid  to  sanitation  and  good 
quality  of  drinking  water.  Electric  lights  and  modern  fixtures 
were  provided  in  the  camps  and  on  the  work  wherever  possible 
to  facilitate  the  work  and  add  to  the  comfort  of  the  employes. 

MEASURES  TO  PREVENT  ACCIDENTS  AND  PROTECT  TRAFFIC 

The  larger  portion  of  the  work  being  located  adjacent  to  a 
busv  railroad,  where  the  traffic  is  almost  continuous  in  each 
direction  and  in  a  mountainous  country,  it  was  necessary  to 
take  measures  to  prevent  workmen  from  being  struck  by  the 
trains.  Foot  paths  were  constructed  on  the  outside  of  the  oper¬ 
ated  tracks,  either  on  the  shoulder  of  the  fill  where  the  bank 
was  too  narrow  or  on  trestle  construction.  All  employes  were 
required  to  use  these  paths  instead  of  walking  on  the  tracks,  and 
special  instructions  were  printed  which  all  employes  were  re¬ 
quired  to  read  and  sign. 

A  policing  system  was  organized  by  the  railroad  of  uni¬ 
formed  and  plain  clothes  men  who  made  it  a  special  duty  to  see 
that  the  instructions  were  obeyed  and  to  keep  trespassers  off 
the  property. 


THOMPSON - MAGNOLIA  CUT-OFF  ON  B.  &  O.  K.  R.  93 1 

Great  care  was  taken  also  to  protect  traffic  on  the  railroad 
an  operator  was  provided  who  was  in  constant  communication 
with  the  dispatcher,  and  all  blasting  was  done  under  strict 
control  and  inspection.  40  percent  dynamite  being  used.  No 
siots  were  fired  without  learning  the  location  of  trains.  Flag- 
men  were  also  sent  out  in  both  directions  in  advance  of  each 
shot  Powder  inspectors  were  provided  to  personally  inspect 
the  loading  and  tiring  of  each  shot  so  as  to  reduce  to  a  minimum 
ie  danger  of  blockading  the  tracks  below.  Vigilance  was  the 
order  ot  the  day,  and  men  with  wheelbarrows,  were  stationed  at 
the  loot  ot  the  slope  under  the  steam  shovels  to  remove  the 
small  pieces  of  rock  from  the  toe  which  it  was  found  impossible 
to  keep  from  falling;  these  were  carted  to  the  riverside. 

\  erv  few  fatalities  have  occurred  compared  with  tunnel 
construction  work  prior  to  this  time,  where  the  number  of  cas¬ 
ualties  has  averaged  one  man  for  every  500  ft.  driven.  This 
however,  has  not  been  the  case  at  Magnolia. 

Extremely  few  delays  to  trains  have  occurred  which 
is  one  of  the  results  of  close  supervision  by  the  rail¬ 
road  employes  in  charge  of  the  work  and  precautionary  meas- 
ures  taken  by  the  contractors.  The  work  has  been  followed  on 
schedule  time,  and  expectations  as  to  the  completion  of  the  im¬ 
provement  will  be  met.  One  track  for  eastbound  freight  will 
he  put  into  use  ahead  of  time. 


DIVISION  OF  CONSTRUCTION  WORK 

To  facilitate  construction,  the  work  was  divided  into  eight 
sections,  which  were  let  to  different  contractors.  The  work  on 
some  of  the  sections  was  divided  and  sublet  to  contractors  who 
had  better  equipment  and  probably  more  experience  in  handling 
the  particular  class  of  work  required. 

Beginning  at  the  east  end,  the  contractors  on  this  work 
were : 


Section  No.  1  and  part  of  No.  3. 

Kefauver  and  McLaran,  Baltimore,  Md. 
Sections  No.  2  and  No.  4  and  part  of  No.  3. 

H.  S.  Kerbaugh,  Inc.,  New  York. 

Sections  No.  5  and  7. 

Bennett  and  Talbott,  Greensburg,  Pa. 
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Part  of  Section  No.  6. 

Sheesley  and  Janney,  Johnstown,  Pa. 

Parts  of  Sections  No.  6  and  No.  8. 

Smith-McCormick  Co.,  Easton,  Pa. 

Part  of  Section  No.  8. 

The  Janies  F.  McCabe  Co.,  Baltimore,  Md. 

The  American  Bridge  Company  fabricated  and  erected  the  j 
two  bridges  across  the  Potomac  River. 

The  work  was  done  under  the  direction  of: 

Mr.  F.  L.  Stuart,  Chief  Engineer.  j 

Mr.  H.  R.  Talcott,  Engineer  of  Surveys.  j 

Mr.  H.  A.  Lane,  Assistant  Engineer  of  Surveys.  j 

Mr.  J.  T.  Wilson,  District  Engineer. 


CONCLUSION 


The  construction  of  the  Magnolia  Cut-Off  completes  a  pro¬ 
gram  or  budget  of  improvements  on  the  Baltimore  and  Ohio 
which  was  authorized  and  started  by  President  Willard  m  the 
early  part  of  1911.  Most,  if  not  all,  of  the  various  improve¬ 
ments  were  problems  difficult  to  solve.  Among  these 
the  Magnolia  Cut-Off  Improvement  was  the  last,  and  un¬ 
doubtedly  the  most  difficult,  and  had  been  before  the  executive 
and  operating  officers  of  the  Baltimore  and  Ohio  for  the  past 
fifteen  years.  The  congestions  in  the  vicinity  of  Magnolia, 
and  principally  on  the  Hansrote  helping  grade,  have 
been  a  stumbling  block  to  the  operating  officers  for 
many  years,  the  results  of  such  congestions  being  far-reaching 
and  frequently  influencing  the  movement  of  coal  out  of  the  coal 
regions,  as  well  as  hindering  the  prompt  dispatch  of  fast  freight 
between  distant  cities.  You  may  appreciate  the  relief  felt  by  the 
management  when  nearing  the  completion  of  this  important 

work. 

The  Engineering  Department  has  been  able  to  so  regulate 
the  progress  of  the  work  being  handled  by  each  of  the  se^  en 
contractors  that  each  will  close  out  his  section  at  about  the 


THOMPSON — MAGNOLIA  CUT-OFF  ON  B.  A  O.  R.  R. 


933 


same  time  and  the  entire  work  will  be  completed  as  a  unit;  this 
is  considered  quite  an  achievement.  The  Improvement  has  also 
been  carried  on  with  such  progress  that  it  will  be  completed 
three  weeks  earlier  than  the  originally  estimated  time.  The 
cost  ot‘  the  work  to  date  is  below  the  estimate,  and  the  present 
indications  are  that  the  total  expenditure  will  be  $200  000  less 
than  the  total  estimate  of  $6  000  000.  At  several  points  it  was 
possible  to  make  connections  with  the  old  line  which  enabled 
the  construction  of  tracks  as  fast  as  the  grading  was  completed 
so  that  now  it  only  remains  to  connect  the  various  sections 
in  order  to  get  a  continuous  track  over  the  new  line.  The  entire 
work  from  the  standpoints  of  cost,  hindrance  to  traffic  and  time 
of  completion  has  been  successfully  carried  out,  and  to  the  satis¬ 
faction  of  the  management. 


THE  TREND  OF  MODERN  BLAST 
FURNACE  CONSTRUCTION 


A.  E.  Maccoun* 


There  are  many  important  details  to  be  considered  in  con¬ 
nection  with  the  construction  of  a  modern  blast  furnace  plant. 
The  one  of  first  importance  is  the  furnace  proper  and  its 
stocking  equipment,  which  will  be  considered  from  the  de¬ 
livery  of  the  raw  materials  to  the  plant,  the  unloading  of  same 
in  stock  piles,  or  in  furnace  bins,  their  transfer  from  bins  to 
larry  cars,  and  from  thence  to  furnace  skips,  or  hoists,  together 
with  their  final  delivery  into  the  furnace  stack. 

Other  details  will  also  be  considered,  such  as  the  economical 
removal  of  the  iron  and  slag;  gas  washing;  hot  blast  stoves;  and 
the  power  equipment  required,  consisting  of  blowing  engines, 
pumps,  electric  power  stations,  etc.  The  development  and  use 
of  electric  power  has  been  one  of  the  greatest  aids  in  modern¬ 
izing  blast  furnace  plants,  as  it  is  only  through  tiie  use  of  the 
electric  motor  that  many  of  the  newer  labor  saving  devices  at 
present  in  use  around  modern  blast  furnace  plants  could  be 
attempted. 

A  great  amount  of  study  has  been  expended  on  blast  furnace 
construction,  not  only  towards  improving  the  quality  of  the 
product  and  reducing  the  operating  expense  and  cost  of  pro¬ 
duction  as  much  as  possible,  but  in  an  endeavor  to  make  this 
class  of  work  safer  and  more  pleasant  for  the  men  employed. 

The  process  of  smelting  iron  in  a  blast  furnace  consists  of 
charging  a  suitable  mixture  of  coke,  ore  and  flux  into  the  top 
of  the  furnace  and  blowing  a  current  of  heated  air  in  at  the 
bottom.  The  oxygen  in  the  air  blown  consumes  the  fuel  forming 
heat  for  the  chemical  reactions  and  melting  the  products,  and 
the  reducing  gases  formed  help  to  remove  the  oxygen  from  the 

Presented  before  the  Metallurgical  and  Mining  Section,  January  11,  and  pub¬ 
lished  in  the  January,  1915,  Proceedings. 

*  Superintendent,  Edgar  Thomson  Furnaces,  Carnegie  Steel  Company,  Ilraddock, 
Pa. 
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ore  in  their  ascent  through  the  furnace  charge,  any  unreduced 
ore  which  remains  being  reduced  by  the  carbon  of  the  coke. 
The  gaseous  products  pass  out  of  the  top  of  the  furnace,  and 
the  liquid  products  of  iron  and  slag  are  drawn  off  at  the  bottom. 

For  the  successful  management  of  a  modern  furnace  plant, 
a  thorough  technical  knowledge,  not  merely  chemical,  but  me¬ 
chanical  and  electrical,  is  required,  as  the  modern  blast  manager 
has  not  only  metallurgical  problems  to  solve,  but  questions  of 
transportation,  power  generation  and  transmission,  construction, 
etc.,  all  of  which  indicates  how  varied  this  class  of  work  has 
become. 

UNLOADING  RAW  MATERIALS  IN  STOCK  PILES,  FURNACE  BINS, 

LARRIES,  ETC. 

This  problem  must  be  studied  not  alone  with  the  idea  of 
obtaining  low  costs  for  handling  materials,  which  cost  is  made 
up  of  labor,  transportation,  power  costs,  etc.,  but  also  with 
reference  to  what  is  of  equal  if  not  greater  importance,  the 
delivery  of  these  materials  to  a  blast  furnace  as  nearly  uni¬ 
form  as  possible  in  quantity  and  composition,  so  as  to  obtain 
the  best  furnace  practice. 

With  the  ores  used  in  the  furnace  burden  this  is  done  be¬ 
fore  shipment  by  a  very  thorough  system  of  mixing  the  ores 
from  the  mines  so  that  the  resultant  material  shows  only  slight 
variations  during  the  entire  season. 

The  various  cargoes  of  each  particular  ore  further  undergo 
an  additional  mixture  as  they  are  unloaded  into  the  furnace 
stock  piles  by  the  ore  bridges,  so  that  any  portion  of  the  pile 
may  be  fairly  considered  representative  of  the  season’s  aver¬ 
age  ore  shipment.  This  system  results  in  the  elimination  of  one 
of  the  variable  conditions  confronting  the  furnace  man,  that 
due  to  irregular  composition  of  ore,  and  helps  greatly  in  at¬ 
taining  uniform  operation. 

In  order  to  still  further  aid  in  obtaining  a  more  uniform 
mixture  both  chemically  and  physically  for  the  coke  and  lime¬ 
stone  as  well  as  the  ore,  bin  systems  of  the  most  improved  type 
are  being  designed.  On  inland  furnaces  the  first  unloading  is 
accomplished  by  means  of  car  dumpers,  ore  bridges,  and  systems 
of  automatic  dump,  electrically  operated  transfer  cars,  carry- 
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ing  ore  to  stock  piles  or  furnace  bins;  and  on  lake  furnaces  by 
Hewlett  unloaders  or  Fast  plants,  in  connection  with  ore  bridges, 
which  are  used  in  transferring  ore  from  vessels  to  stock  piles 
and  furnace  bins.  By  this  class  of  equipment  not  only  are 
operating  costs  reduced,  but  as  mentioned  before,  greater  uni¬ 
formity  and  more  regular  mixtures  of  the  raw  materials  are 
obtained. 

Modern  bins  should  be  in  sections  of  suitable  length  for 
dumping  cars  and  of  large  capacity,  so  as  to  obtain  better  mix¬ 
ing,  and  thus  keep  a  large  stock  of  the  various  raw  materials 
on  hand  in  case  there  should  be  any  temporary  shortage  in  the 
supply.  Having  this  large  capacity  is  also  an  advantage  in  not 
requiring  an  unloading  force  on  the  trestle  during  the  night 
shifts.  There  should  be  at  least  two  unloading  tracks  over  the 
top  of  the  bins,  preferably  three,  arranged  so  that  one  of  them 
can  be  used  solely  for  transfer  car  service.  It  is  an  advantage 
to  have  grizzley  screens  on  top  of  ore  and  limestone  bins  with 
12  in.  by  12  in.  openings,  so  as  to  prevent  excessively  large 
lumps  going  in  and  plugging  up  the  chutes,  as  better  distribu¬ 
tion  is  obtained  by  breaking  this  large  size  material.  These 
screens  also  prevent  such  debris  as  timbers,  etc.,  collecting  in 
the  bunkers  and  plugging  up  the  chutes. 

The  proper  design  of  a  blast  furnace  bin  is  a  very  im¬ 
portant  detail,  as  the  material  to  be  handled  is  irregular  in 
size,  and  is  often  wet  and  sticky,  making  it  hard  to  flow  uni¬ 
formly  out  of  the  gates  in  the  bottom  of  bins.  This  is  particu¬ 
larly  so  with  ore  and  limestone.  Unless  the  material  in  a  bin 
works  down  evenly  through  its  whole  area,  a  large  additional 
expense  is  entailed  in  its  operation,  giving  constant  trouble,  and 
causing  delays  and  irregularities  in  charging.  It  is  also  im¬ 
portant  when  dumping  material  into  bins  that  there  is  no  tend- 
ency  to  the  segregation  of  the  coarse  and  fine  materials  in  the 
bin  itself,  or  in  drawing  the  stock  from  the  bin  chutes  into  the 
larry  cars.  Any  tendency  for  materials  to  flow  in  such  a  way 
as  to  cause  this  separation  should  be  strictly  avoided,  as  it  will 
cause  bad  distribution  and  impair  the  furnace  practice. 

The  proper  design  of  chutes  and  gates  is  of  equal  import¬ 
ance,  as  the  operator  must  have  absolute  control  when  drawing 
materials  from  the  bin,  so  as  to  obtain  correct  weights.  The 
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chutes  and  gates  should  be  practically  continuous  on  the  bot¬ 
tom  of  bin,  with  the  exception  of  allowing  for  clearance.  Thus 
there  will  be  a  minimum  space  between  each  chute  for  material 
to  build  upon,  and  the  bin  can  be  evenly  worked  along  its  whole 
length.  These  details  being  taken  care  of,  and  with  angles 
steeper  than  45  deg.  for  the  bottom  or  sides,  good  results  should 
be  obtained.  The  Hoover  &  Mason  and  the  McKee,  types  of 
bins  have  given  excellent  results,  considering  not  alone  low 
stocking  and  charging  costs,  but  the  good  distribution  results 
obtained  from  them  as  well. 

Large  capacity  larry  cars  are  being  used  between  bins  and 
skips,  and  the  design  of  these  cars  must  be  carefully  studied 
in  order  to  find  one  in  which  there  is  no  tendency  for  separ¬ 
ating  the  coarse  or  fine  materials,  either  in  the  larry,  or  on 
their  passage  from  the  larry  to  the  skip  bucket,  as  it  is  fully 
understood  the  damage  that  will  be  done  to  the  distribution  if 
any  such  classification  takes  place.  The  great  importance  of 
this  point  will  be  taken  up  later.  Recording  scales  on  larry 
cars  are  important  features  to  obtain  more  accurate  weighing. 
Greater  economy  is  obtained  from  large  size  larry  cars,  both 
in  labor  and  power,  on  account  of  the  fewer  number  of  trips 
required;  also  there  is  much  less  labor  and  material  expended 
in  repairs.  In  some  cases  a  modern  larry  car  will  hold  a  full 
charge  of  ore  and  limestone,  and  a  modern  500  ton  furnace 
can  be  operated  with  a  single  man  per  turn  on  the  larry  be¬ 
tween  bunkers  and  furnace  skip. 

On  the  coke  bunkers  efficient  screens  should  be  installed 
for  removing  coke  dust  before  charging  coke  into  the  furnace. 
Also  an  economical  arrangement  should  be  made  to  remove  this 
dust  from  the  stockyard.  The  charging  of  large  quantities  of 
coke  dust  is  very  injurious  to  good  furnace  practice. 

THE  MECHANICAL  CHARGING  OF  A  BLAST  FURNACE 

There  are  two  principal  systems  used  in  elevating  the  stock 
to  the  top  of  a  blast  furnace.  The  first  is  what  is  known  as  the 
Neeland  method,  in  which  the  stock  is  run  from  the  bins  into 
round  buckets,  with  bottom  consisting  of  a  cone  or  bell  at¬ 
tached  to  a  rod  running  up  through  the  center  of  the  bucket 
to  a  hook  on  the  top.  This  bucket  is  taken  to  the  bottom  of 
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hoist  incline  and  sent  up,  hanging  from  the  hook  at  its  top. 
When  it  reaches  the  top  of  the  furnace  it  is  seated  and  its 
contents  are  dumped  on  the  big  bell  by  lowering  the  hook 
on  the  central  rod  carrying  the  bell,  which  acts  as  a  valve. 
There  is  less  breakage  of  coke  due  to  handling  in  this  style 
of  top. 

This  method  developed  some  weakness  from  a  metallurgical 
standpoint  owing  to  the  fact  that  the  buckets  always  went 
under  the  chutes  in  the  same  relative  position,  and  as  the  ore 
left  the  bins  the  lumps  were  piled  against  one  side  of  the 
buckets,  injuring  distribution.  To  eliminate  these  irregularities 
in  the  raw  materials  coming  from  chutes,  arrangements  were 
made  to  rotate  the  buckets. 

This  is  accomplished  in  various  ways.  In  some  cases  it  is 
done  on  the  car  after  being  filled  at  the  bunkers,  or  on  a  turn¬ 
table  in  the  skip  pit.  In  others  the  bucket  is  not  removed  from 
hoist,  but  is  fed  by  larry  cars  in  the  usual  way,  and  then 
turned  on  its  hanger  to  a  definite  angle  for  each  lead.  It  is 
impossible  at  this  time  to  go  into  these  various  details  further. 

The  other  system  which  is  used  on  the  majority  of  furnaces 
consists  of  the  use  of  a  rectangular  skip  bucket  on  wheels,  run¬ 
ning  from  a  pit  beneath  the  floor  of  stockyard  up  an  incline 
to  a  hopper  above  the  furnace  top,  where  it  turns  upside  down 
and  dumps,  and  then  returns  to  the  bottom.  In  some  cases 
one  skip  bucket  is  used ;  in  others  a  double  track  skip  with  two 
buckets  is  employed,  in  which  case  no  counter-balancing  is 
necessary. 

All  of  these  systems  are  designed  to  remove  as  many  ir¬ 
regularities  in  distribution  as  possible,  or  to  compensate  for  the 
various  irregularities.  The  skips  should  be  dumped  at  about  a 
60  deg.  angle,  so  as  to  dump  the  material  rapidly;  they  should 
dump  at  a  central  position  to  the  dumping  hopper,  at  the  same 
angle,  and  at  exactly  the  same  speed  each  time.  The  electric 
skip  hoist  can  be  easily  adjusted  to  dump  in  this  manner;  this 
type  is  also  very  much  more  economical  in  the  use  of  power. 
With  stationary  tops  the  material  must  be  properly  dumped 
on  the  small  bell  to  get  good  distribution.  The  double  skip 
permits  slow  speed  with  skip  cars;  skip  buckets  should  be  of 
suitable  capacity. 
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The  dumping  hopper  should  be  made  with  as  steep  an 
angle  as  possible  and  should  be  of  sufficient  capacity  to  hold 
two  skips  of  coke.  The  throat  should  be  from  36  in.  to  48  in. 
in  diameter,  and  approximately  60  in.  high,  as  with  this  type  of 
top  better  distribution  is  obtained  if  a  skip  load  of  ore  and 
limestone  does  not  overfill  the  throat,  and  partially  fill  the 
dumping  hopper.  It  is  important  not  to  have  too  long  a 
throat  on  account  of  the  fall  causing  excessive  breakage  of  coke. 

Electrically  operated  bells  are  giving  most  satisfactory 
results  and  are  very  much  more  economical  in  the  use  of  power. 
The  large  bell  should  have  an  angle  of  from  50  to  55  deg. 
to  keep  itself  clean  and  to  prevent  ore  from  sticking  on  its  sur¬ 
face  and  impairing  distribution.  In  some  cases  it  is  found  to 
be  an  advantage  to  finish  its  surface  all  over.  Its  diameter 
should  be  about  3  ft.  6  in.  smaller  than  the  throat  of  the  fur¬ 
nace  when  no  distributing  ring  is  used.  In  some  cases  the 
installation  of  distributing  rings,  such  as  the  Killeen  Distribu¬ 
tor,  has  resulted  in  better  furnace  practice.  It  is  often  neces¬ 
sary  to  try  different  sizes  of  bells  and  distributors,  etc.,  in 
order  to  compensate  for  other  irregularities  and  to  obtain  a  bet¬ 
ter  working  furnace. 

It  is  important  to  reduce  the  mechanism  on  top  of  furnace 
stack  to  a  minimum.  Any  good  skip-filled  top,  with  the  skip 
dumping  at  the  proper  angle,  central  to  the  dumping  hopper, 
the  small  bell  hanging  true  to  center  and  lowering  perpendi¬ 
cularly  so  that  the  material  is  distributed  around  the  large  bell 
equally  in  regard  to  amount  and  in  the  proportion  of  coarse 
and  fine,  should  give  good  results.  In  some  cases  rotary  tops 
give  improved  distribution,  but  it  has  not  been  shown  that  the 
results  obtained  from  rotary  furnace  tops  have  produced  any 
improvement  over  the  showing  made  by  stationary  tops.  If 
care  is  taken  in  the  handling  of  the  raw  materials  and  sizing 
can  be  prevented  in  bunkers,  and  from  bunkers  to  larrys  and 
skips,  etc.,  the  rotary  top  should  not  be  necessary.  The  simpler 
a  furnace  top  is  designed  the  better  it  will  be. 

Stock  line  protection  is  being  secured  by  the  use  of  various 
good  arrangements  of  wearing  plates,  which  are  giving  excellent 
satisfaction.  There  are  many  other  interesting  details  on  furn- 
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ace  top  construction,  but  I  can  only  review  briefly  some  of  the 
most  important  details. 

Figure  1  gives  an  elevation  through  a  blast  furnace  and 
stockyard,  which  shows  many  of  the  details  mentioned. 

THE  IMPORTANCE  OF  GOOD  DISTRIBUTION  OF  THE  RAW  MATERIALS 

Mesaba  ores  being  very  easy  to  reduce,  it  follows  that  when 
carrying  a  large  percentage  of  these  fine  ores  the  greatest  care 
must  be  taken  to  distribute  them  to  the  best  advantage  in  a 
furnace  burden.  Owing  to  the  tendency  of  the  Mesaba  ores 
to  pack  closely,  the  ascending  gases  do  not  percolate  through 
the  burden  readily  with  these  fine  ores,  and  try  to  find  as  easy 
passages  as  possible.  When  this  takes  place  the  ascending 
gases  do  not  come  in  contact  with  the  ores  evenly  over  the 
whole  surface  included  across  the  horizontal  sections  of  the 
furnace,  and  some  of  the  ores  will  not  be  thoroughly  reduced  by 
the  gases.  This  will  cause  an  increased  coke  consumption  on  ac¬ 
count  of  the  carbon  required  to  reduce  this  ore,  because  it  re¬ 
quires  partial  direct  reduction.  These  irregularities  are  also 
augmented  by  any  irregularities  in  charging  or  the  arrival  of 
large  quantities  of  material  in  a  state  of  fine  mechanical  di¬ 
vision,  giving  rise  to  an  interruption  in  the  uniform  upward 
flow  of  the  gases.  This  is  one  of  the  important  reasons  why 
soft  coke,  coke  dust,  limestone  dust,  etc.,  should  be  thoroughly 
eliminated. 

Keeping  in  mind  all  of  these  conditions  in  blast  furnace 
design  we  are  greatly  aided  in  securing  a  blast  furnace  from 
which  we  can  obtain  good  furnace  practice. 

HEARTH  CONSTRUCTION 

Very  much  more  substantial  hearth  jackets  are  being  used. 
The  preference  is  for  cast  steel  or  cast  iron  jackets  with  water 
cooling  pipe  coils  cast  into  each  segment  of  jacket.  This  type  of 
jacket  should  extend  well  below  the  hearth  line,  this  distance 
being  at  least  four  feet.  These  jackets  are  heavily  banded  with 
steel  bands  and  are  absolutely  tight,  thoroughly  water-cooled 
and  strong  enough  to  resist  the  expansion  of  brickwork,  as  a 
result  almost  eliminating  the  danger  of  severe  breakouts. 
Ditches  around  the  outside  of  this  type  of  jacket  are  not  used, 
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the  brickwork  being  built  up  solid  against  them,  both  inside  and 
outside. 

Some  furnace  operators  prefer  a  jacket  of  heavy  riveted 
steel  plate  of  ample  strength,  water  sprayed,  and  with  a  ditch 
around  it;  but  the  former  arrangement  has  given  most  satis- 
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factory  results  and  is  coming  into  more  general  use.  it  is 
preferable  to  avoid  the  ditch,  if  possible,  for  reasons  of  safety. 

In  the  cast  jacket  a  bronze  cooling  plate  is  placed  through 
the  jacket  about  three  feet  above  the  bottom  of  tapping  hole. 

The  trend  of  development  is  along  the  lines  of  larger 
hearths  and  lower  boshes.  For  a  500  ton  furnace  the  usual 
practice  is  a  hearth  diameter  of  from  17  to  18  feet;  bosh  diamet¬ 
ers  22  to  23  feet;  a  comparatively  low  bosh  of  from  12  to  14 
feet,  the  bosh  angle  being  between  79  and  80  deg.  The  bosh, 
of  course,  can  be  too  low,  the  ideal  bosh  should  start  just  below 
the  top  of  the  zone  of  fusion,  and  to  a  certain  extent  is  de¬ 
termined  by  the  conditions  under  which  the  furnace  is  to  be 

operated,  i.  e.,  ore  burden,  blast  temperature,  total  blast  volume, 
etc. 

BOSH  CONSTRUCTION 

The  construction  of  the  bosh  has  been  greatly  strengthened. 
On  large  Mesaba  furnaces  the  water  cooled  steel  plate  bosh  with 
sprays  or  buckets  has  not  given  good  results,  but  it  is  satis- 
f  a»c  t  o  rv  on  many  of  the  smaller  furnaces. 

The  bosh  usually  preferred  is  protected  by  bronze  cooling 
plates  and  heavily  banded  to  supply  the  necessary  circumferen¬ 
tial  strength,  the  style  of  plate  used  varying.  Some  prefer  the 
Scott  plate;  others,  the  Gayley  plate;  while  others  use  modi¬ 
fications  of  these  plates  to  suit  their  conditions.  The  methods 
of  using  these  plates  also  vary.  Some  use  one  standard  plate  in 
the  bosh,  varying  the  numbers  in  a  row,  depending  on  the  bosh 
angle.  Others  keep  the  same  number  of  plates  in  each  row  and 
use  various  sized  plates. 

Different  styles  of  construction  are  also  used  in  placing  the 
cooling  plates  in  the  bosh,  such  as  brick  arches,  cast  iron  boxes, 

and  others  bricking  in  the  plates  solidly  without  arches  or 
boxes. 

These  details  vary  greatly,  but  it  is  important  to  secure 
the  maximum  strength  of  bosh,  and  not  to  overcool  it,  as  a  very 

poor-working  furnace  may  be  the  result  of  too  much  bosh 
cooling. 

The  number  of  rows  of  cooling  plates  above  tuyeres  to  mantle 
varies  from  five  to  seven  rows.  For  the  ordinary  short  bosh 
that  is  usually  preferred,  six  rows  should  be  sufficient. 
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The  steep  bosh  angle,  approximately  79  deg.,  is  preferred; 
also  the  short  bosh,  as  the  short  and  steep  bosh  reduces  the 
tendency  to  hanging  and  brings  about  a  more  uniform  descent 
of  the  charge  to  the  hearth. 

A  varying  number  of  tuyeres  are  used.  It  is  better  to  run 
a  furnace  with  such  a  number  that  they  can  all  be  kept  open, 
rather  than  having  some  plugged  up,  as  results  are  more  regular. 
Twelve  tuyeres  is  a  very  suitable  number ;  some  operators,  how¬ 
ever,  prefer  a  few  more  than  this.  There  are  some  very  satis¬ 
factory  arrangements  of  tuyere  breast  construction  of  steel  plate, 
cast  steel  or  cast  iron,  reaching  from  hearth  jacket  to  first  row 
of  plates  above  coolers. 

The  best  diameter  and  length  of  tuyers  to  use  should  be 
determined  from  the  working  of  the  furnace  and  its  ability  to 
keep  its  bosh  clean. 

furnace  stack 

Furnace  shells  of  heavy  steel  plate  construction  are  being 
used.  The  thin  lined  shell,  either  sprayed  or  cooled  with  water 
buckets,  has  not  been,  on  the  whole,  as  successful  as  w^as  hoped 
for,  as  excessive  cooling  is  liable  to  take  place.  As  long  as  the 
brick  remains  in  the  stack  good  results  are  obtained.  When 
bricks  wear  out  and  the  lining  gets  back  to  the  shell,  heat  is 
lost  by  conduction,  etc.,  and  coke  practice  increases.  This  type 
of  furnace  does  very  well  on  Spiegel,  Ferro  Manganese,  I  erro 
Silicon,  etc. 

The  usual  construction  preferred  is  a  heavy  riveted  steel 
plate  shell  with  the  brickwork  laid  directly  against  it  with  no 
packing  space,  with  a  lining  of  medium  thickness,  approximate¬ 
ly  36  in.  In  some  cases  cooling  plates  are  used  above  the  mantle 
to  advantage,  but  these  should  not  extend  to  the  inside  face  of 
the  lining,  and  are  preferably  kept  18  in.  back,  for  in  many 
cases  in  which  they  were  extended  to  the  face  of  the  lining  it 
was  a  very  serious  proposition.  Their  use  is  often  an  advantage 
in  helping  to  extract  some  of  the  heat  from  the  inwall  and  there¬ 
by  increasing  the  resisting  qualities  of  the  brick  to  heat  and  to 
erosion  by  the  gases.  The  batter  of  furnace  stacks  has  been 
increased  and  is  now  preferably  as  near  1-inch  per  foot  as  pos¬ 
sible,  and  should  begin  at  the  stock  line. 
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The  height  of  furnace  preferred  for  our  Mesaba  ore  prac¬ 
tice  lies  between  90  and  100  feet,  depending  upon  conditions. 

Studies  have  been  made  of  the  quality  of  fire  brick  best 
suited  for  furnace  linings,  their  resistance  to  erosion  by  the 
furnace  gases,  and  abrasion  by  the  stock.  In  this  connection 
porosity,  density,  melting  point,  conductivity,  abrasion,  and 
spalling  tests  ha\  e  been  made,  and  the  effects  studied  of  various 
percentages  of  calcined  flint,  flint,  and  plastic  clays,  together 
with  the  influence  of  the  weathering,  grinding,  and  coarseness 
of  material  in  relation  to  the  above  qualities. 

SHAPE  AND  POSITION  OF  OFF-TAKES  AND  EXPLOSION  DOORS 

A  ertical  up-takes  are  taken  off  the  furnace  shell  as  high 
above  the  stock  line  as  possible,  preferably  at  four  points 
equally  spaced  on  the  circumference.  Safety  explosion  doors  to 
allow  relief  on  slips,  but  which  do  not  allow  large  material 
to  be  thrown  out  of  the  furnace,  should  be  placed  on  top  of  the 
uptakes.  Downcomer  connections  are  taken  off  part  way  up  on 
up-takes  to  reduce  flue  dust  and  return  as  much  material  as 
possible  to  the  furnace  on  slips  It  is  important  to  have  these 
gas  openings  of  sufficient  area,  so  as  to  keep  down  the  velocity 
and  to  prevent  too  much  back  pressure  on  the  furnace.  These 
off-takes  are  usually  arranged  so  as  not  to  be  directly  over  the 
tapping  hole,  cinder  notch,  or  entrance  of  blast  main  to  bustle 
pipe,  as  a  furnace  is  always  more  active  at  these  points,  and 
this  helps  to  prevent  channelling  and  gives  a  more  even  distri¬ 
bution  of  the  gases  in  their  ascent  through  the  stock  in  the 
furnace. 


THE  USE  OF  WASHED  GAS  FOR  BLAST  FURNACES 

The  installation  of  modern  gas  washing  plants  has  per¬ 
mitted  improvements  in  design  of  hot  blast  stoves  and  gas 
burners  that  could  not  have  been  attempted  with  dirty  gas. 

The  usual  practice  for  a  plant  containing  several  blast 
furnaces  is  to  use  an  efficient  dust  catcher  on  each  furnace  and 
at  times  additional  auxiliary  dry  dust  catchers,  or  dry  cleaners, 
so  as  to  catch  as  much  of  the  heavy  material  sent  over  with  the 
blast  furnace  gases  as  possible,  as  this  material  is  valuable  and 
can  more  easily  be  taken  care  of  in  the  dry  state.  From  here 
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the  gas  is  collected  in  one  central  dirty  gas  main  and  from 
this  main  conducted  to  the  washers,  or  it  can  be  used  directly 
as  dirty  gas  in  emergencies.  This  arrangement  tends  to  equal¬ 
ize  the  variations  in  the  composition  and  amount  of  gas  given 
off  by  the  different  furnaces  and  better  and  more  regular  re¬ 
sults  are  obtained. 

The  most  important  point  in  all  gas  washing  processes  is  to 
cool  the  gas  sufficiently  to  precipitate  the  moisture  and  elimi¬ 
nate  it  from  the  gas.  To  do  this  effectively  it  must  be  brought 
in  contact  with  the  water  quickly  and  as  intimately  as  possible 
and  the  washing  apparatus  must  be  of  such  design  that  the 
water  distribution  in  it  will  thoroughly  flush  the  dirt  away  and 
prevent  its  building  up  and  requiring  frequent  cleanings. 

The  dirt  removed  from  this  gas  is  of  such  a  nature  that  it 
builds  up  very  rapidly  and  becomes  very  hard  and  difficult 
to  remove  from  the  lines,  etc.,  if  only  a  small  amount  of  water 
is  brought  in  contact  with  it. 

In  the  earlier  installations,  nozzles  and  sprays  of  various 
designs  were  installed  in  the  mains  leading  to  the  v  ashing 
plants,  and  as  the  water  was  insufficient  to  thoroughly  remove 
the  dirt,  the  lines  were  soon  filled  to  a  point  that  required 
cleaning.  This  led  to  removing  such  devices  from  the  gas  mains 
altogether  and  delaying  all  of  the  wet  cleaning  until  the  washer 

proper  was  reached,  where  it  is  introduced  in  the  manner  men 

* 

tioned. 

The  baffle  type  was  the  first  and  most  natural  type  to  be 
tried,  in  which  plates  of  various  shapes  were  inserted  in  the 
towers  in  such  a  manner  that  a  film  of  water,  introduced  through 
nozzles  in  the  top  of  the  towers,  ran  from  one  to  the  other 
while  the  gas  passed  in  the  opposite  direction,  breaking  through 
the  film  of  water  at  each  baffle,  and  giving  up  its  dirt  which 
was  washed  down  to  the  water  seal  under  the  tower,  flhis  was 
soon  found  to  be  inefficient  due  to  the  fact  that  the  'w  ater  and 
gas  were  not  brought  into  intimate  enough  contact  to  thor¬ 
oughly  remove  the  dirt  and  give  the  desired  degree  of  cooling. 

While,  of  course,  the  ideal  condition  for  blast  furnace 
stoves  or  boilers  would  be  a  hot  gas  containing  neither  dirt  or 
moisture,  very  good  results  will  be  obtained  with  a  dirt  content 
in  the  gas  of  0.15  of  a  grain  per  cubic  foot  and  a  temperature 
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of  about  70  degrees,  which  corresponds  to  a  moisture  content  of 
8  grains  per  cubic  foot  at  saturation. 

In  the  more  modern  types  of  washers  the  spray  tower  has 
replaced  the  baffle  tower  and  the  results  obtained  are  such 
that  it  will  continue  to  be  the  most  satisfactory  solution  for  the 
rough  or  primary  cleaning. 

The  spray  tower  differs  from  the  baffle  tower,  in  that  the 
entire  cross-section  is  given  to  cleaning  the  gas  and  the  baffles 
are  replaced  by  screens  located  every  few  feet  up  the  entire 
height  of  the  tower. 

The  water  is  introduced  in  the  shape  of  a  spray  at  the  top, 
while  the  gas  enters  at  the  bottom,  still  allowing  the  washer  to 
work  on  the  counter-current  principle,  as  in  the  case  of  the 
bafflle,  but  with  a  much  better  opportunity  to  mix  with  the  gas, 
the  advantage  being  that  no  opportunity  is  given  for  the  tower 
to  block  up  with  dirt  at  points  and  cause  the  gas  to  channel. 

The  method  of  spraying  the  water  in  such  a  tower  is  im¬ 
portant,  and  there  are  several  forms  in  use  from  a  mechanically 
operated  valve  furnishing  periodical  jets  of  water,  as  in  the 
Diehl  washer,  preventing  the  gas  from  channelling,  to  the  simple 
water  jet  impinging  on  a  flat  or  concave  surface.  Both  of  these 
types  are  simple  and  effective.  When  the  gas  leaves  these 
sprays  it  is,  or  course,  saturated  and  the  moisture  contained 
will  depend  on  its  temperature  at  this  point,  and  in  a  well  de¬ 
signed  plant  this  can  be  maintained  within  three  or  four  de¬ 
grees  of  the  cooling  water  used,  it  so  desired.  The  towers  are 
usually  designed  to  give  a  velocity  of  four  or  five  feet  per 
second  to  the  gas  traveling  through  them. 

In  the  earlier  installations  the  towers  were  allowed  to  dip 
into  a  basin  at  the  bottom  and  thus  form  a  seal  to  prevent 
escape  of  gas  and  a  basin  in  which  to  collect  the  dirt  removed 
from  the  gas.  On  the  later  types  the  bottom  ends  of  the  towers 
are  fitted  with  hopper  shaped  bottoms  and  outlet  bends  that 
allow  the  dirt  to  be  continuously  removed  with  the  water,  and 
at  the  same  time  prevent  the  escape  of  gas  due  to  loss  of  water. 

This  makes  the  unit  entirely  self-cleaning.  The  overflow 
water  from  the  towers  is  allowed  to  run  to  settling  basins,  where 
the  dust  settles  out  and  is  later  removed  by  a  grab  bucket  sus¬ 
pended  from  a  crane  over  the  basin. 


Fig.  2.  Gas  Cleaning  Plant  for  Stoves. 
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A  fan  is  very  often  placed  in  the  line  to  boost  the  pressure 
if  the  plant  is  situated  any  distance  from  the  furnace  or  stoves, 
or  if  the  pressures  carried  in  the  plant  gas  lines  are  too  low 
to  return  the  gas  from  the  washers  to  the  stoves  or  boilers,  etc. 
No  water  need  be  used  on  the  fan  and  the  current  required  is 
not  expensive  m  a  well  designed  installation;  the  operation  of 
the  plant,  however,  is  so  much  more  flexible  that  it  is  advisable 
to  use  it  when  conditions  will  allow,  on  account  of  its  ability 
to  temporarily  change  the  delivery  pressure  when  desirable. 

While  the  apparatus  described  will  bring  the  gas  in  con¬ 
dition  to  use  under  stoves  and  boilers,  it  must  be  further  cleaned 
it  if  is  to  be  used  in  gas  engines.  There  are  several  very  effi¬ 
cient  kinds  of  apparatus  now  in  use  for  this  purpose.  The 
principal  of  these  are  the  well  known  Theisen  washer,  which 
is  largely  used  for  that  purpose  in  this  country,  and  the 
Schwartz-Beyer  and  Theisen  Disintegrators  that  are  largely 
used  abroad;  the  two  latter  being  improvements  along  the 
original  Theisen  principle.  There  last  two  mentioned  types  of 
apparatus  are  advocated  for  use  in  rough  or  primary  cleaning, 
but  so  far  none  have  been  introduced  into  this  country. 

Figure  2  gives  an  idea  of  one  of  these  modern  primary  gas 
washing  installations  in  use  at  the  Edgar  Thomson  Works  of 

the  Carnegie  Steel  Company  for  cleaning  gas  for  blast  furnace 
stoves. 

REGENERATIVE  STOVES 

The  use  of  clean  gas  on  blast  furnace  stoves  has  made  it 
possible  to  greatly  increase  their  efficiency  by  attempting  re¬ 
finements  in  the  stove  construction,  such*  as  smaller  checker 
openings  and  thinner  checker  walls,  thereby  obtaining  increased 
heating  surface.  The  design  of  gas  burners  is  also  being  im¬ 
proved  upon  which  still  further  helps  to  increase  the  efficiency 
of  the  stoves,  as  more  perfect  combustion  is  obtained.  This 
part  of  the  subject  is  only  mentioned  briefly,  as  it  is  more  the 
details  of  construction  we  wish  to  consider. 

There  are  many  types  of  stoves,  such  as  the  two  pass  with 
center  and  side  combustion  chambers ;  three  pass,  and  four  pass. 
The  design  of  each  of  these  types  varies  greatly,  some  advan¬ 
tages  and  some  disadvantages  appearing  in  the  design  of  each 

type. 
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It  is  important  to  study  the  most  economical  use  of  brick 
inside  of  a  shell  of  given  volume  and  to  arrange  the  checkers, 
combustion  chamber,  gas  burner,  draught  connections,  etc.,  so 
that  we  get  as  perfect  distribution  as  possible  for  the  gas  and 
air  and  also  obtain  the  maximum  capacity  for  the  least  expendi¬ 
ture.  The  problem,  therefore,  is  to  get  as  simple  a  stove  as 
possible,  having  the  required  strength,  with  the  greatest  amount 
of  well  arranged  heating  surface,  so  that  all  the  heat  possible 
will  be  absorbed  from  the  burnt  gases  in  their  passage  through 
its  checkers,  and  so  that  the  heat  will  be  readily  given  up  in 
turn  to  the  air  in  its  passage  through  the  stove. 

A  modern  500  ton  furnace  should  have  an  equipment  of 
four  stoves  of  approximately  22  feet  diameter,  100  feet  high, 
each  containing  60  000  square  feet  of  heating  surface.  With 
this  equipment  there  should  be  no  difficulty  in  carrying  a 
straight  line  heat  of  1200  deg.  Fahr.,  and  still  have  plenty  of 
reserve  in  case  it  is  demanded  by  the  furnace,  and  in  addition 
the  average  stack  temperature  for  such  stoves  should  be  com¬ 
paratively  low,  not  exceeding  400  deg. 

Interesting  experiments  have  been  made  with  lire  brick  of 
the  usual  grade  used  in  the  construction  of  hot  blast  stoves  to 
find  the  temperature  at  certain  distances  back  from  the  face  of 
the  brick  when  exposed  to  a  gas  flame  of  approximately  the 
same  temperature  as  that  obtained  on  the  ordinary  hot  blast 
stoves,  and  then  exposing  it  to  air  blast.  These  results  briefly 
showed  that  with  a  temperature  of  approximately  2100  deg. 
Fahr.  on  the  face,  it  took  three  hours  for  the  temperature  to 
rise  to  1300  deg.  two  inches  back  from  the  face  of  the  brick; 
also,  when  this  face  of  the  brick  was  exposed  to  cold  air  blast 
for  one  hour,  the  temperature  two  inches  back  from  the  face 
dropped  to  approximately  900  deg.  This  tends  to  prove  that 
excepting  for  the  need  of  structural  strength  it  would  be  more 
economical  to  make  the  checker  walls  as  thin  as  possible,  and 
the  checker  openings  small,  so  as  to  obtain  the  greatest  heating 
surface,  on  account  of  the  greater  heating  effect  of  the  surface 
of  the  brick  compared  with  the  interior. 

The  maximum  possible  heating  surface  of  a  stove  contain¬ 
ing  square  checkers  is  obtained  when  the  checker  diameter  and 
the  thickness  of  the  checker  walls  are  equal. 


Fig.  3.  Data  on  Hot  Blast  Stoves 
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The  maximum  possible  heating  surface  of  a  stove  contain¬ 
ing  square  checkers  may  be  determined  by  dividing  the  pro¬ 
duct  of  the'  total  checker  area  and  its  height  by  the  thickness  of 
the  checker  brick  used. 

Figure  3  gives  some  interesting  curves  prepared  by  Paul 
I).  Wright,  Assistant  to  Superintendent  of  Edgar  Thomson 
Furnaces,  which  are  very  interesting  in  studying  the  relation 
between  checker  wall  thickness  and  size  of  checker  openings. 

For  comparison  a  checker  bearing  area  of  1000  square 
inches  and  of  unit  depth  is  taken.  The  upper  curves  show  the 
actual  number  of  checkers  using  brick  of  varying  thickness  in 
checker  work  having  various  dimensions.  The  lower  curves 
show  the  actual  heating  surface  obtained  per  unit  of  height, 
corresponding  to  the  brick  thickness  and  checker  dimensions 
as  stated.  On  study  of  these  curves  it  will  be  apparent  that 
two  checker  diameters  may  be  found  which  will  correspond  to 
the  same  total  heating  surface  when  built  with  the  same  size 

checker  brick. 

It  can  be  seen  from  these  curves  that  one  inch  openings 
with  one  inch  walls  will  give  three  times  as  much  heating  sur¬ 
face  per  unit  of  volume  as  three  inch  openings  with  three  inch 

walls. 

This  is  of  great  assistance  in  studying  the  details  of  hot 
blast  stove  construction,  as  it  enables  us  to  determine  the  most 
economical  use  of  brick  work  in  the  space  inside  of  a  stove 
shell  and  to  obtain  the  greatest  capacity  of  heating  surface  for 


the  lowest  cost. 

It  is  important  to  place  the  bottom  of  a  stove  on  a  solid 
foundation.  The  shell  should  be  of  heavy  steel  plate,  both 
horizontal  and  vertical  seams  double  riveted,  and  of  ample 


strength  for  the  duty  imposed  upon  it. 

In  choosing  the  diameter  of  stove  there  is  less  surface  ex¬ 
posed  to  radiation  in  the  larger  diameter,  but  the  checker  pass 
on  the  larger  diameter  is  subject  to  greater  variation  in  gas 
distribution;  also,  there  is  more  tendency  for  injury  to  the 
checkers  by  expansion  and  contraction  with  the  large  diameters. 
A  22  ft.  diameter  of  stove  has  proved  itself  safe  in  this  respect, 
and  no  trouble  from  crushing  has  been  experienced  from  the 
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pressure  of  the  brick  with  a  stove  of  100  feet  in  height.  A 
fairly  large  combustion  chamber  is  desirable  in  a  stove  of  this 
size,  as  better  burning  of  the  gas  is  obtained.  This  area  should 
not  be  less  than  40  square  teet.  In  some  of  the  three  pass  and 
central  combustion  two  pass  stoves  this  area  has  been  made  too 
small  and  trouble  was  experienced  in  obtaining  complete  com¬ 
bustion  of  the  gases  before  they  reached  the  checkers,  with  con¬ 


sequent  poor  distribution  of  the  products  of  combustion. 

Regarding  the  size  of  checkers  and  thickness  of  checker 
walls,  as  mentioned  before,  structural  considerations  have  to  be 
followed  rather  than  theoretical  considerations  of  trying  to  ob¬ 
tain  the  greatest  heating  surface.  However,  the  theoretical  con¬ 
siderations  are  very  useful  as  a  guide.  It  does  not  look  to  be 
safe  to  use  brick  less  than  21 4  in.  thick,  or  a  smaller  checker 
opening  than  5  in.,  even  with  clean  gas,  on  account  of  the  im¬ 
portance  of  keeping  these  long  passages  clean  and  on  account 
of  the  liability  of  expansion,  breaking,  or  closing  up  of  these 
long  passages.  Various  standard  shapes  of  checker  brick  are 
made  that  have  proved  themselves  satisfactory  by  experience. 
In  some  cases  corrugations  are  made  in  the  brick  with  good 
results  to  obtain  still  greater  heating  surface.  Great  care  should 
also  be  given  to  get  the  best  distribution  of  gas  and  air  under 
the  checkers,  so  that  there  may  be  perfect  freedom  for  the  gas 
and  air  in  their  passage;  in  connection  with  the  equalization  of 
the  draught,  this  is  also  an  important  consideration. 

Ihe  t\^pe  of  gas  burner  to  be  used  is  also  important,  as 
the  majority  of  gas  burners  used  on  stoves  are  very  inefficient. 
With  a  better  mixture  of  air  and  gas  w'e  can  obtain  a  higher 
dame  temperature  and  shorten  the  flame  so  as  to  confine  it  to 
the  combustion  chamber,  so  that  nothing  but  the  burnt  gases 
reach  the  checkers.  In  many  cases  the  gas  is  not  completely 
burnt  wrhen  it  reaches  the  checkers. 

In  regard  to  the  advantages  of  two  pass  and  three  pass 
stoves,  there  is  a  slight  advantage  in  respect  to  the  cubic  feet 
of  brick  contained  in  a  given  space,  and  of  square  feet  of  heat¬ 
ing  surface  per  cubic  foot  of  brick  in  favor  of  the  twro  pass; 
also  some  practical  working  advantages  on  account  of  having 
the  valves  near  the  ground,  together  with  the  ease  of  cleaning. 
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There  is  no  evidence  that  there  is  a  better  distribution  of  gas 

in  one  type  of  stove  than  in  the  othei. 

Two  and  three  pass  stoves  are  in  most  general  use,  as  ad¬ 
ditional  passes  mean  the  loss  of  too  much  space  by  the  additional 
partition  walls  required. 

BLAST  FURNACE  POWER  PLANTS 

In  modern  blast  furnace  construction  the  tendency  is  for 
much  greater  concentration  in  powrer  plants  and  the  units  pre¬ 
ferred  should  necessarily  be  as  large  as  practicable,  as  attention 
given  to  these  considerations  tends  greatly  to  reduce  fuel  cost, 
operating  expenses,  and  labor  and  material  in  repairs. 

A  modern  500  ton  blast  furnace  requires  approximately 
2500  indicated  horse  power  to  operate  it,  of  which  1800  indi¬ 
cated  horse  power  is  used  on  blowing  engines,  the  balance  for 
supply  pumps,  boiler  feed  pumps,  condensers,  hoists,  unloading 
ore,  pig  machines,  and  other  miscellaneous  uses  around  a  plant 
of  this  kind.  It  is  important  to  produce  this  amount  of  power 
for  as  low  a  cost  as  possible  and  furnish  as  much  power  as  pos¬ 
sible  for  use  outside  the  furnace  plant.  In  this  way  a  very 
important  credit  on  the  cost  of  producing  iron  is  obtained. 

In  making  a  selection  of  reciprocating  steam  blowing  en¬ 
gines.  turbo-blowers,  or  gas  blowing  engines,  as  well  as  steam 
turbines  or  gas  engines  for  power  purposes,  all  the  local  con¬ 
ditions  regarding  the  value  of  fuel  must  be  thoroughly  con¬ 
sidered,  as  well  as  considerations  as  to  whether  or  not  there  is 
a  market  for  excess  power.  After  this  there  should  be  no  diffi- 
cultv  in  arriving  at  a  conclusion. 

BOILER  PLANTS  IN  CONNECTION  WITH  BLAST  FLRNACES 

If  boilers  are  to  be  used  there  should  be  a  separate  boiler 
house,  and  for  large  furnace  plants  it  is  preferable  to  have  as 
few  boiler  houses  as  possible  on  account  of  more  economical 
operating  conditions.  It  is  preferable  not  to  have  blast  furnace 
boiler  houses  built  as  part  of  the  power  stations,  on  account  of 
the  dust,  dirt,  and  gas  usually  around  plants  of  this  kind. 

The  boilers  should  be  in  large  units,  so  as  to  keep  to  a 
minimum  the  number  of  units  required  for  large  powers,  carry¬ 
ing  at  least  175  lb.  steam  pressure,  and  be  equipped  with  all 
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modern  economical  appliances,  such  as  superheaters,  feed  water 
heaters,  plants  for  treating  feed  water,  and  economizers,  etc. 
By  securing  the  maximum  concentration  savings  will  be  made 
on  fuel,  operating  expense,  etc.,  and  the  losses  due  to  radiation, 
etc.,  will  be  lower  and  an  average  boiler  efficiency  of  70  percent 
should  be  easily  maintained.  A  blast  furnace  boiler  plant  should 
be  arranged  so  as  to  be  gas  or  coal  fired,  and  economical  coal 
and  ash  handling  machinery  should  be  also  installed.  The 
boiler  units  should  be  so  arranged  as  to  have  at  least  two  passes, 
and  so  constructed  that  tubes  can  be  easily  kept  clean,  both 
externally  and  internally.  This  is  accomplished  more  easily 
with  straight,  vertical  tubes. 

Similarly  to  hot  blast  stove  practice  much  more  attention 
is  being  given  to  burning  the  gas  economically  under  blast  furn¬ 
ace  boilers  by  getting  the  best  mixture  of  gas  and  air  and  the 
most  economical  combustion.  Burners  are  being  perfected  to 
obtain  the  highest  flame  temperature,  thus  obtaining  better  heat 
transmission,  better  circulation,  and  lower  stack  temperatures. 

DIFFERENT  TYPES  OF  BLOWING  EQUIPMENT 

AA  e  have  the  choice  of  three  different  types  of  blowing  en¬ 
gines,  depending  greatly  on  local  conditions ;  namely,  reciprocat¬ 
ing  steam  blowing  engines,  turbo-blowers,  and  gas  blowing  en¬ 
gines.  After  determining  the  value  of  power  for  uses  outside 
the  blast  furnace  we  should  be  in  a  much  better  position  to 
make  a  decision. 

From  data  available  it  looks  as  though  we  can  expect  13 
pounds  of  steam  per  horse  power  delivered  from  turbo-blower. 
The  blower  has  approximately  70  percent  efficiency.  This  gives 
approximately  18.6  lb.  of  steam  per  horse  power  for  wind  de¬ 
livered  to  the  main.  Taking  a  modern  reciprocating  steam 
blowing  engine  at  17  pounds  of  steam,  which  is  common  practice, 
and  90  percent  efficiency  in  the  cylinders  which  is  attainable 
with  good  clearance,  low  valve  loss,  slippage,  etc.,  we  would  get 
19  pounds  of  steam  per  horse  powder  from  wind  delivered  to 
the  main.  It  therefore  seems  that  while  there  is  not  very  much 
gam  in  thermal  efficiency  to  be  expected  with  the  turbo-blowTer 
o^er  the  steam  blowing  engine,  there  is  a  saving  in  space  re¬ 
quired,  operating  labor,  oil,  waste,  packing,  etc. 
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Many  claims  are  made  for  the  turbo-blower  on  account 
of  its  delivering  a  more  uniform  supply  of  air,  effecting  a  lower 
coke  consumption,  greater  production,  etc.  These  claims  look 
very  questionable  as  it  takes  a  definite  amount  of  oxygen  to 
consume  a  definite  amount  of  carbon,  no  matter  how  it  is  sup- 

plied. 

CHOICE  BETWEEN  GAS  ENGINE  AND  STEAM  EQUIPMENT 

The  blast  furnace  is  a  good  gas  producer  and  when  properly 
cleaned  this  gas  is  an  ideal  fuel  for  high  power  gas  engines. 
This  fuel,  as  explained  before,  can  be  used  for  gas  tired  boilers 
and  these  in  turn  can  supply  power  to  steam  turbines  or  re¬ 
ciprocating  engines,  pumps,  etc.  With  the  highest  grade  and 
most  modern  equipment  of  this  kind  we  cannot  look  for  much 
over  10  percent  thermal  efficiency ;  on  the  other  hand  if  this  gas 
is  supplied  to  modern  gas  engines  we  can  obtain  22  percent 
thermal  efficiency.  A  gas  engine  plant  is  more  expensive  and 
costs  more  to  operate.  Therefore  in  making  a  choice  of  prime 
movers,  this,  together  with  the  local  conditions  regarding  the 
value  of  fuel  and  the  field  for  excess  power  over  plant  require¬ 
ments,  must  be  thoroughly  considered.  Whatever  choice  is  made 
in  prime  movers  to  attain  the  minimum  opeiatmg  cost,  large 
units  should  be  chosen,  and  the  concentration  of  power  genera¬ 
tion,  such  as  blowing  equipment,  electrical  equipment,  pumps, 
etc.,  should  be  carried  out  to  as  great  an  fextent  as  possible.  If 
possible  all  machinery  of  this  kind  should  be  in  one  large  en¬ 
gine  house.  This  is  a  very  interesting  subject,  and  much  more 
thought  is  being  given  to  these  economies. 

The  advantages  of  a  good  reliable  water  supply  is  of  great 
importance,  as  a  modern  furnace  requires  approximately  4  000 
000  gallons  of  water  per  24  hours.  Also,  additional  w  ater  is 
required  for  gas  washing,  cooling,  etc.  High  duty  reciprocating 
pumps  or  motor  or  turbine  driven  centrifugal  pumps  are  giving 
efficient  results  for  this  class  of  work. 

Considering  fuel  costs,  cost  of  installation,  etc.,  the  blast 
furnace  gas  engine  would  be  the  choice  in  most  modern  blast 
furnace  installations,  excepting  where  the  value  of  fuel  is  very 
low,  or  where  there  is  no  outlet  for  excess  power. 
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OTHER  DETAILS  RELATING  TO  BLAST  FURNACE  ACCESSORIES 

There  are  many  other  details  which  I  would  like  to  discuss 
further,  but  in  a  paper  of  this  kind  it  is  impossible  to  do  any¬ 
thing  more  than  call  them  to  your  attention,  as  each  detail  is 
an  important  study  in  itself. 

The  arrangement  of  cast  houses,  so  as  to  have  iron  runners 
as  short  as  possible  so  as  to  reduce  runner  scrap  is  important. 
The  use  of  large  iron  ladles  of  35  tons  or  more  capacity  in  trans¬ 
porting  iron  from  furnace  to  mixer  or  pig  machine  has  also 
in  many  places  effected  large  savings  in  operating  labor,  labor 
and  material  in  repairs,  reduction  of  scrap,  lining  brick,  etc. 

The  use  of  air  dump  cinder  ladles  is  important  if  cinder 
has  to  be  handled  by  this  method.  The  aim  should  be  for  the 
commercializing  of  slag  as  much  as  possible,  either  by  cement 
plants,  cinder  ballast  plants,  or  other  plants  of  a  similar  nature. 

Modern  machinery  for  unloading  miscellaneous  material, 
such  as  coke  dust,  loam,  clay,  etc.,  is  an  important  detail.  Modern 
methods  of  plugging  the  tapping  hole  and  hotting  cinder  not¬ 
ches  with  blast  on  furnace ;  the  use  of  oxygen  for  opening  hard 
holes,  all  of  these  various  details  tend  to  economy  in  the  use 
of  materials,  more  regular  working  furnace,  increased  produc¬ 
tion,  and  lower  coke  consumption. 

I  have  covered  briefly  some  of  the  important  details  show¬ 
ing  the  trend  in  blast  furnace  construction.  To  reach  the  mini¬ 
mum  cost  of  production  is  largely  a  matter  of  the  quality  and 
quantity  of  the  product.  In  blast  furnace  practice  they  both 
go  together;  a  regular  working  furnace  will  produce  good  ton¬ 
nage  of  uniform  quality.  In  addition  to  this  the  concentration 
of  operating  labor  to  as  great  an  extent  as  possible  also  aids  in 
reducing  the  cost  of  operation. 

In  closing  it  might  be  well  to  mention  that  all  blast  furn¬ 
aces  have  individual  peculiarities,  and  even  after  paying  at¬ 
tention  to  as  many  details  as  possible  often  a  great  amount  of 
study  and  thought  is  required  to  locate  the  cause  of  some  of 
their  short-comings. 

A  blast  furnace  manager  requires  a  large  amount  of  initi¬ 
ative  to  take  advantage  of  all  modern  improvements  that  develop 
and  to  overcome  and  correct  the  many  difficulties  that  are  con- 
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tinually  presented.  He  also  requires  an  efficient  organization 
where  the  aim  is  to  improve  the  quality  of  product  and  reduce 
the  cost  of  production  to  a  minimum. 

DISCUSSION 

Mr.  A.  N.  Diehl:*  The  trend  of  modern  blast  furnace 
construction  is  a  decidedly  intricate  problem.  In  former  times 
there  was  but  one  end  in  view,  and  that  was  the  production  of 
pig  iron :  First,  of  good  quality ;  second,  of  large  quantity ;  and 
third,  as  economically  as  possible. 

Modern  blast  furnace  trends,  include  several  more  heads. 
Under  the  one  general  head  might  be  considered  the  production 
of  slag  for  various  purposes,  such  as:  Cement  making  where 
granulated  slag  is  required;  ballast,  when  required,  the  slag  is 
dumped  hot  and  afterward  reclaimed ;  and  the  manufacture  into 
bricks  with  a  further  annealing. 

Another  general  head  is  the  more  economical  utilization  of 
about  50  percent  of  the  blast  furnace  energy,  namely,  the  use 
of  blast  furnace  gas  in  internal  combustion  engines.  As  a  fur¬ 
ther  example  of  these  several  conditions,  it  is  quite  a  well  known 
fact  that  blast  furnaces  are  at  this  present  time,  being  operated 
primarily  for  the  purposes  above  mentioned,  that  is,  where  the 
principal  reason  for  the  operation  of  the  blast  furnace  is  due 
to  the  premier  local  demand  for  either  pig  iron,  slag  or  gas. 
The  two  other  elements,  under  these  conditions,  would  then  be 
by-products. 

The  commercial  demands  for  these  various  products,  and 
economical  operation,  are  of  course  accountable  for  the  above 
status.  It  is,  therefore,  as  has  been  mentioned,  a  rather  hard 
problem  to  determine  just  exactly  what  the  trend  of  modern 
blast  furnace  practice  is.  The  author  of  the  paper  has  evi¬ 
dently  assumed  pig  iron  to  be  the  main  product  and  has  briefly 
and  accurately  touched  on  the  principal  tendencies  of  modern 
practice. 

The  entire  subject  is  so  large  that  I  wish  to  refer  to,  and 
enlarge  on,  only  one  paragraph,  the  one  referring  to  Mechanical 
Charging  Apparatus.  Under  this  paragraph  he  divides  the 
methods  into  two  parts.  The  first,  which  is  described  as  the 

’Superintendent  of  Blast  Furnaces,  Duquesne  Works,  Carnegie  Steel  Company, 

Duquesne,  Pa. 
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Xeeland  method,  was  the  initial  mechanical  step  after  the  va¬ 
rious  hand  tilling  operations.  This  system  was  designed  and 
applied  to  the  IJuquesue  blast  furnaces  by  Mr.  M.  A.  Xeeland 
and  consists  of  cylindrical  detachable  buckets  having  a  bottom 
discharge,  over  a  vertical  moving  bell  which  forms  the  base  of 
the  bucket.  The  bucket  is  carried  by  a  stem  which  is  attached 
by  means  of  a  hook  to  the  trolley  and  is  hoisted  from  the  base 
ot  the  furnace  to  the  top  where  it  is  deposited  on  the  gas  seal 
and  emptied  by  means  of  the  vertical  lowering  of  the  bell  in 
le  bottom  of  the  bucket,  thereby  allowing  the  material  to  flow 
directly  and  evenly  from  the  base  of  the  bucket  onto  the  large 
ie  1.  After  the  bucket  is  emptied  the  stem  is  drawn  upward 
once  more  and  then  taken  down  the  incline  and  deposited  on  a 
car  beneath,  and  it  is  then  ready  for  re-filling.  Each  charge 
according  to  the  original  Xeeland  arrangement,  consists  of  four’ 
buckets  of  coke  and  one  of  limestone,  and  another  train  con¬ 
sisting  of  three  or  four  buckets  of  ore.  When  the  buckets  are 

emptied  the  train  is  moved  so  that  the  next  bucket  comes  into 
position  for  hoisting. 

All  charging  apparatus  has  three  points  in  view:  Dis- 
tnbutmg  the  material  according  to  lumps  and  fines  correctly  in 
a  receiving  hopper;  the  disposition  of  the  material  properly  on 
the  large  bell ;  and  the  proper  distribution  from  the  large'  bell 
into  the  furnace.  I  wish  to  consider  only  the  first  two  points. 

The  principal  idea  of  the  management,  in  a  hand  filled 
urnace  proposition  was  to  see  that  the  material  was  properly 
distributed  on  the  main  bell,  and  top  fillers  were  carefully  super¬ 
vised  In  most  modern  furnaces  these  top  fillers  have  been 
supplanted  by  receiving  hoppers,  into  which  the  ore  is  placed 

in  such  manner  as  to  have  it  distributed  on  the  main  bell 
equally  with  regard  to  relative  size. 

As  before  mentioned  the  first  step  was  to  fill  a  receptacle 
a  le  bottom  of  a  furnace,  carrying  the  same  to  the  top.  The 
next  step  was  the  building  of  a  receptacle  on  the  top  of  the 
•  urnace  into  which  the  material  was  dumped  from  a  skip,  after- 

oTnne  "f  ;,Tdto  tHe  main  b6lL  Princir>al|y  on  account 
of  unequal  distribution  of  fines  and  coarse  material,  as  well  as 

e  saving  of  time,  the  double  skip  was  introduced  whereby  the 
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skips  are  dumped  from  opposite  positions,  thereby  tending  to 
make  a  more  equal  distribution  in  the  receiving  hopper  or  re- 

ceptacle. 

With  the  advent  of  the  skip  came  the  irregular  cutting  out 
of  lining  walls.  This  generally  took  place  on  the  side  where  the 
gases  could  pass  through  the  stock  with  the  least  resistance. 
The  line  of  least  resistance  can  be  easily  traced  to  a  segregation 
of  lumps  on  the  side  of  the  furnace  which  is  caused  by  the  con¬ 
stant  dumping  or  tilting  of  the  skips  in  the  same  direction. 
This  dumping  causes  the  fines  to  roll  one  way  and  the  lumps 
another,  each  skip  load  having  the  same  relation.  The  recogniz¬ 
ance  of  this  condition  led  to  various  experiments  and  apparatus 
to  mitigate  the  irregularities  of  the  tilting  skip. 

The  simplest  mechanical  top  in  operation  consists  of  a 
revolvable  hopper,  which  is  moved  a  certain  number  of  degrees 
after  each  filling,  in  order  to  change  the  relative  position  of  the 
segrated  lumps  in  it.  A  number  of  furnaces  are  operating 

successfully  with  this  improvement.  . 

The  same  criticism,  that  of  the  coarse  and  fine  material 
segregating,  is  equally  applicable  to  the  Neeland  system,  in 
which  case  the  ore  flowing  from  the  bins  into  the  buckets  paral¬ 
lels  the  condition  which  prevails  in  the  tilting  skip  to  the  re- 

ceiving  hopper. 

I  would  therefore  say  that  the  receiving  hopper  on  the  top 
of  a  blast  furnace  filled  by  means  of  a  skip  corresponds  exactly 
with  a  Neeland  bucket  filled  from  the  bins  on  the  bottom.  In 
other  words,  the  receiving  hopper  is  a  permanent  bucket.  The 
conditions  favor  the  movable  bucket  in  that  it  is  leveled  off  on 
the  bottom  after  filling  and  when  centrally  placed  on  the  top, 
the  ore  falls  evenly  and  equally  on  the  main  bell.  This  is  im¬ 
possible  with  receiving  hopper,  as  the  action  of  the  skip,  is  to 
pile  the  ore  higher  on  one  side  than  on  the  other,  and  it  is  not 
advisable  to  have  men  leveling  it  off  on  top  of  the  furnace. 
This  feature  has  been  one  of  the  most  serious  in  tilting  skip 
filling,  and  on  account  of  its  inaccessibility  often  leads  to  many 
difficulties  which  could  be  overcome  if  the  work  was  done  on 

the  bottom. 

Mechanical  tops  of  various  kinds  have  been  suggested  to 
obviate  or  minimize  these  difficulties,  but  most  of  them  have 
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Shows  cross  section  of  stock  yard,  granulating  w  th  revolving, 

"etachablc.  buckets,  at  the  base  of  the  Incline.  A  bucket  ls  ®h°'vna£,"  ' Z  “?,ely  to  in(Ucate 
“e  Position,  and  of  course,  would  not  be  there  in  a  single  skip  operation. 


pit  k  t-hnwR  the  bucket  on  top  In  position  and  illustrates  the  central  distribution  idea, 
he  bucket  befng  removed  and  the  charge  prepared  and  properly  distributed  In  the  stock 
-ard  beSe  hooting  It  is  clearly  seen  that  the  bucket  and  the  receiving  hopper  serve 
dentical  purposes,  with  the  advantage  in  favor  of  the  bucket,  as  the  work  can  all  be  per- 


Fig:  6.  Shows  the  ore  larry  with  removable  buckets,  mounted  on  turn  tables  and  revolving  by  means  of  a  motor  aa  th  lve  when 
them.  This  causes  the  bucket  to  be  filled  In  alternate  spiral  layers  of  coarse  and  fine  material  as  the  buckets  continuou  >  0f  the  bucket, 
they  are  filled  under  these  conditions  it  is  evident  that  by  emptying  over  the  vertical  dropping  bell,  forming  the  y  nUmher  of 

an  approximately  perfect  distribution  of  coarse  and  fines  on  the  large  bell  Is  accomplished.  The  buckets  can  be  revotvea 
degrees  Instead  of  continuously,  if  so  desired.  The  entire  bucket  system  is  supported  on  the  scale  beam. 


960 

skips 


of 
st 
This 
anotl 
ance 
to  m 

revol 

after 

segrt 

succc 


of  a 
with 
othe 
con 
the 
the 
P 

pile 
advi 
This 
fillir  ' 
diffi( 
the 


Com/'  S  # 


1  7*>y  means  of  a  motor  as  the  ore  flows  into 
0DV1  as  the  buckets  continuously  revolve.  When 
bell,  forming  the  bottom  of  the  bucket, 
2  buckets  can  be  revolved  any  number  of 
scale  beam. 
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fallen  by  the  wayside  due  to  the  difficulty  of  operation  and 
up-keep. 

-The  difficulty  of  ore  segregation  in  the  buckets  and  receiv¬ 
ing  hoppers,  together  with  the  view  of  avoiding  complicated 
revolving  tops,  led  to  the  principle  of  preparing  each  charge  on 
the  bottom  by  continuously  revolving  the  buckets  while  the  ore 
is  flowing  into  them  at  the  rate  of  about  30  revolutions  per 
minute.  Ihe  result  ot  this  continuous  revolution  destroys  all 
chances  of  the  ore  segregating  vertically  and  instead  forms  a 
spiral  stratafication  of  coarse  and  fines.  When  a  bucket  filled 
in  this  way  is  carried  to  the  top  and  dropped  vertically,  it  is 
evident  that  the  proportion  of  fine  material  on  any  segment  of 
the  bell  will  be  equal.  It  is  evident  that  the  more  revolutions 
the  bucket  makes  the  nearer  will  be  the  proportions  of  coarse 
and  fine  material  in  each  vertical  plane  passed  through  the  cen¬ 
ter  of  the  bucket. 

Various  model  tests  show  this  very  closely.  A  glass  model 
bucket  was  so  arranged  as  to  revolve  and  ore  of  different  sizing 
was  allowed  to  flow  from  a  bin  into  it.  After  the  bucket  was 
filled  the  contents  was  divided  and  each  division  sieved  sepa¬ 
rately  over  different  mesh  screens,  to  determine  the  relation  of 

the  ore  in  the  different  divisions.  Below  is  a  result  of  these 
tests : 


ORE  DISTRIBUTION  TESTS 
(July  25,  1907.) 


Total  weight  of  sample  97%  oz. 

Total  weight  of  sample  133  oz. 

Division  A  Division  B 

Wt.  51%  oz.  Wt.  46  oz. 

Division  A  Division  B 

Wt.  69.5  oz.  Wt.  63.5  oz. 

9.0  oz. 
19.0  “ 

16.0  “ 

7.5  “ 

On  No.  8  screen 
20 

60 

Thru  60 

8.5  oz. 

14.5  “ 

15.5  “ 

8.0  “ 

4.0  oz. 
19.0  “ 

28.0  “ 

18.5  “ 

On  No.  8  screen 
20  “ 

60 

Thru  60  44 

3.5  oz. 
16.0  “ 

26.0  44 

17.5  44 

Assuming  each  division  to  contain  equal  amounts  before  by  weight, 
and  multiplying  division  “B”  by  the  ratio  of  the  total  weight  of 
division  “A”  to  division  “B”,  the  following  relation  is  shown : 


9.0  oz.  On  No.  8  screen  9.52  oz 

19.0  “  20  “  16.20  “ 

16.0  “  60  “  17.30  '* 

7.5  “  Thru  60  “  8.96  “ 


4.0  oz.  On  No.  8  screen  3.83  oz, 

19.0  44  20  “  19.70  *' 

28.0  “  60  44  28.40  44 

18.5  **  Thru  60  "  17.50  44 


The  results  of  the  tests  show  a  very  close  approximation  of 
the  same  sizing  in  each  division,  and  it  would  naturally  follow 
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that  if  the  ore  were  subdivided  properly,  and  centrally  dis¬ 
charged  from  a  bottom  discharge  bucket  onto  a  centrally  dis¬ 
charging  main  bell,  that  the  material  should  arrive  in  this  con¬ 
dition  in  the  top  of  the  furnace.  The  glass  model  showed  fur¬ 
ther  that,  when  the  glass  bucket  was  full,  each  revolution  was 
distinguishable  and  could  be  counted  by  the  alternate  layers  of 
coarse  and  fine  material,  an  additional  indication  that  the  dis¬ 
tribution  was  being  effected  as  contemplated.  It  would  seem 
that  the  above  method  of  operation  should  give  as  near  perfect 
a  distribution  as  could  be  arrived  at  from  the  standpoint  of 
equally  distributing  the  coarse  and  fine  material  in  the  burden. 

A  number  of  modified  installations  using  the  same  main 
principle  of  preparing  the  charge  at  the  bottom,  are  in  opeia- 
tion  in  this  country,  some  of  which  have  buckets  permanantly 
attached  to  the  hoist  and  revolve  continuously,  or  a  certain 
number  of  degrees,  while  being  filled  or  before  hoisting.  The 
material  is  collected  by  larry  cars  and  slowly  dumped  into  the 
attached  bottom  dumping  buckets.  Reports  from  Germany, 
France  and  England  also  indicate  that  this  system  is  being 

used  on  most  of  their  newer  installations. 

The  key-note  of  all  filling,  as  before  mentioned,  is  the 
proper  placing  of  the  material  in  the  buckets  or  receiving  hop¬ 
pers,  and  it  is  the  desire  of  this  paper  to  point  out  a  comparison 
of  the  two  general  systems,  which  with  modifications,  are  used 
in  95  percent  of  the  modern  operating  blast  furnaces,  also 
to  draw  out  the  advantages  of  preparing  the  charges  properly 
at  the  bottom  where  this  work  should  be  done.  The  preparation 
can  be  done  there  with  ease  and  safety,  under  the  proper  direc¬ 
tion  and  supervision,  rather  than  on  top  with  all  the  difficulties 
and  dangers  attending  work  at  that  point. 

Mr.  George  W.  Vreeland  :*  Mr.  Maccoun  has  brought  out 
many  good  points,  which  I  will  not  attempt  to  discuss,  as  he 
has  covered  this  subject  in  a  highly  satisfactory  manner.  I  will 
only  attempt  to  elaborate  on  a  few  of  those  points,  and  in  a 
general  way  show  some  of  the  advantages  of  the  present  day 
tendency  in  the  construction  of  a  blast  furnace. 

That  the  large  amount  of  thorough  experimenting  and 

*Superintendent  of  Blast  Furnaces,  Mingo  Works,  Carnegie  Steel  Company, 
Mingo  Junction,  Ohio. 
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scientific  research  invested  in  the  blast  furnace  and  its  many 
accessories  is  responsible  for  the  blast  furnace  as  it  stands 
today,  anti  the  still  better  furnace  of  the  morrow,  must  be  con¬ 
ceded  when  we  review  the  raw  material  conditions  of  a  few 
years  ago  and  the  present  time. 

Only  a  few  years  ago,  we  used  ores  that  averaged  a  metallic 
yield  of  60  to  61  percent,  with  an  average  of  5.70  percent  silica. 
At  that  time  35  percent  Mesabu  ore  in  the  burden  was  con¬ 
sidered  high.  This  material  necessitated  about  700  lb.  of  cinder 
to  carry  off  the  gangue  contained  in  the  materials  required  for 

one  ton  of  iron.  The  coke  was  made  from  the  best  Connells- 
ville  coal. 

At  the  present  time  the  ores  average  from  48  to  54  percent 
metallic  yield,  with  an  average  silica  content  of  8  percent,  and 
we  are  now  using  from  75  to  95  percent  Mesaba  ore.  Owing 
to  the  increased  impurities  in  the  ores  and  coke  we  are  now 
forced  to  carry  from  1050  to  1400  lb.  of  cinder  per  ton  of 
iron.  The  importance  of  this  factor  may  readily  be  seen  when 
Me  consider  that  this  is  from  50  to  100  percent  greater  than  it 
was  when  we  were  carrying  the  former  burdens.  This,  of  course, 
appreciably  lowered  the  efficiency  of  the  furnace  as  an  iron  pro¬ 
ducer.  I  will  not  go  into  the  inferior  physical  conditions  of  the 
ore  burdens,  due  to  the  increased  percentage  of  Mesaba,  at  this 
time,  as  this  has  already  been  the  subject  of  many  papers,  but 
this,  too,  has  contributed,  to  a  great  extent,  to  the  problems  of 
the  blast  furnace  manager. 

Notwithstanding  these  disadvantages,  which  can  only  be 
appreciated  to  their  proper  degree  by  those  who  are  familiar 
with  the  handling  of  blast  furnaces,  we  find,  today,  that  our 
tonnages  are  just  as  high,  coke  per  ton  of  iron  a  little  lower, 
and  product  of  just  as  good  quality. 

The  success  of  the  present  day  blast  furnace  manager,  in 
equalling,  if  not  surpassing  the  records  of  the  past,  under  the 
inferior  materials  condition,  has  only  been  brought  about  by 
diligent  study,  and  the  closest  observation,  as  regards  not  only 
the  blast  furnaces  and  their  equipment,  but  also  of  methods 
and  organization. 

In  our  designing  of  the  blast  furnace,  we  must  not  lose 
sight  of  the  fact  that  long  life  of  the  furnace  is  one  of  the 
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greatest  economical  factors  in  the  production  of  pig  iron,  as  with 
a  short  lived  furnace  we  not  only  have  a  small  tonnage  on  the 
lining,  but  the  iron  produced  is  very  irregular  in  quality,  daily 
tonnage  low,  and  coke  higher;  whereas  we  find  that  a  long 
lived  furnace  is  more  efficient  in  every  direction. 

This  factor  not  only  applies  to  the  furnace  proper,  but  also 
to  its  equipment,  and  when  designing,  provision  must  be  made 
for  the  changing  or  repairing  of  any  part  which  fails,  with 
the  minimum  amount  of  lost  time.  If  this  is  kept  in  mind,  de¬ 
lays  will  be  avoided,  and  we  will  be  handsomely  repaid  for 
the  care  and  consideration  given  to  the  designing  and  construc¬ 
tion. 

TITE  FURNACE  TOP 

I  will  first  consider  the  furnace  top,  for  the  reason  that  I 
think  this  is  one  of  the  most  vital  parts  of  the  blast  furnace. 
This  part  has  come  in  for  a  large  amount  of  attention,  and 
justly  so,  since  with  a  poorly  designed  top,  consisting  of  bad 
arrangement  of  charging  equipment  and  gas  offtakes,  we  can¬ 
not  look  for  maximum  economy  in  operation. 

I  believe  that  more  inferior  operating  can  be  attributed 
to  faulty  design  and  construction  of  the  top  than  to  all  the  rest 
of  the  equipment  combined,  as  the  effects  of  irregular  distribu¬ 
tion  are  far  reaching  and,  in  a  very  short  period,  may,  and  m 
fact,  have  been  known  to  damage  a  furnace  so  that  economical 
operation  was  entirely  out  of  the  question,  for  not  only  was  it 
impossible  to  produce  iron  at  a  reasonable  cost,  but  the  iron 
produced  was  very  irregular  in  quality,  and  so  bad  at  times 
that  it  could  not  be  used  in  the  manufacture  of  steel  without 
mixing  with  a  better  quality  iron. 

A  condition  of  this  kind  very  often  lowers  the  efficiency 
of  other  furnaces,  especially  when  there  is  only  one  other  furn¬ 
ace  running,  since  we  must  always  run  this  other  furnace  hot 
in  order  to  take  care  of  the  inferior  produce  of  the  troublesome 

furnace. 

Sometimes  this  condition  can  be  remedied,  to  some  extent, 
by  changing  the  size  of  the  bells,  and  adjusting  same,  but  oft- 
times  the  trouble  is  far  deeper  seated :  Very  often  the  damage 
done  to  the  lining  of  the  furnace  by  improper  design  of  the 


DISCUSSION — TREND  OF  MODERN  BLAST  FURNACE  CONSTRUCTION  %5 

top  is  such  that  a  new  stack  lining  is  necessary,  and  this  in  a 
very  short  time;  often  a  bosh  has  been  torn  out,  bearing  proof 
that  the  faulty  design  of  the  top,  consisting  of  the  two  factors 
aforementioned,  had  been  the  cause  of  the  trouble.  Of  course 
the  renewal  of  the  lining  did  not  eliminate  the  trouble,  the 
top  had  to  be  changed  somewhat  before  satisfactory  operating 
conditions  could  be  obtained. 

At  the  present  time,  it  is  the  opinion  of  a  number  of  blast 
furnace  managers  that  the  dome  type  of  top  is  the  better  de¬ 
sign.  I  he  shell  of  the  furnace,  in  this  design,  is  drawn  in  at 
the  top,  and  a  heavy  steel  ring  riveted  to  the  inside,  on  which 
the  hopper  is  seated.  Such  an  installation  gives  excellent  re¬ 
sults  over  the  old  design,  consisting  of  a  straight  top,  with 
brackets  from  4  to  5  feet  long  riveted  to  the  inside  of  the  shell, 
on  which  to  seat  the  hopper.  On  the  dome  type  top  floor  plates 
are  eliminated,  and  a  tight  top  is  obtained. 

I  will  attempt  to  give  the  advantages  derived  from  a  dome 
top  over  the  straight  top  type: 

With  the  dome  type,  we  can  take  the  gas  off  at  the  high 
point  of  the  furnace,  and  four  uptakes  are  invariably  em¬ 
ployed,  since  the  chief  reason  for  adopting  this  type  is  that 
that  number  of  off-takes  can  be  used  without  interfering  with, 
or  in  any  way,  lessening  the  strength  of  the  top,  in  fact,  there 
is  less  weight  on  the  top  of  the  furnace  when  this  top  is  used, 
than  there  is  when  the  other  type  is  in  use. 

These  four  uptakes  are  highly  desirable,  as  the  amount 
of  flue  dust  is  reduced  to  a  minimum,  providing  these  offtakes 
are  equidistant,  and  that  they  are  of  large  enough  dimensions 
to  reduce  the  velocity  of  the  gas  to  2000  or  2200  ft.  per  min., 
and  that  the  downcomers  are  proportioned  to  take  care  of  that 
velocity. 

With  the  gas  taken  off  from  the  four  points  as  described, 
we  can  reasonably  expect  a  more  uniform  condition  at  the 
tuyeres,  resulting  in  a  more  uniform  product;  this  of  course, 
being  the  development  of  the  more  regular  descent  of  the  raw 
materials,  due  to  the  better  distribution  of  the  ascending  gases. 

These  desirable  results  we  can  scarcely  expect  from  a 
furnace  with  the  straight  type  top,  especially  when  equipped 
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with  the  offtakes  on  one  side,  and  this  type  of  top  is  respon¬ 
sible  for  the  following  operating  condition. 

The  ore  is  better  prepared  in  the  side  from  which  the  gas 
is  taken  off,  thereby  causing  the  furnace  to  work  better  on  that 
side,  than  on  the  other;  this  leads  to  a  channelling  of  the  gases, 
resulting  in  rolling,  high  flue  dust  production,  high  coke,  ir¬ 
regular  product,  and  general  unsatisfactory  conditions,  with  one 
possible  remedy,  i.  e.  equalize  the  offtakes. 

As  previously  stated,  the  flue  dust  production  is  decreased 
somewhat,  due  to  the  gas  being  taken  off  at  the  four  uptakes, 
as  the  particles  of  material,  in  falling  from  the  bell,  drop  into 
what  we  may  term  the  “zone  of  minimum  gas  velocity”,  and 
must  make  a  complete  reversal  in  direction  to  go  out  of  the  up¬ 
takes;  whereas,  in  the  furnace  with  the  side  offtakes,  the  ma¬ 
terial  is  precipitated  into  the  “zone  of  maximum  gas  velocity”, 
and  only  a  change  in  direction  of  90  deg.  is  necessary  to  pass 
it  through  the  offtakes  and  into  the  downcomer. 

This  may  be  better  understood  when  I  say,  that  on  most 
furnaces  equipped  with  the  side  offtakes,  the  maximum  velocity 
of  the  gas  is  below  the  bell,  and  through  which  the  stream  of 
raw  material  must  pass,  while  in  the  dome  top,  with  vertical 
uptakes,  the  maximum  velocity  of  the  gas  is  probably  4  feet 
above  the  bell ;  so  of  course  the  material  does  not  have  to  pass 
through  the  current  of  gas  when  it  is  at  its  greatest  velocity. 

The  relative  values  of  a  stationary  and  a  rotary  top,  I 
will  not  attempt  to  discuss  here,  but  many  a  poor  working 
furnace,  equipped  with  a  stationary  top,  and  with  a  distinct 
separation  of  the  lumps  and  fines  in  its  distribution,  has  been 
greatly  benefited  by  the  installation  of  one  of  the  better  type 
rotating  tops. 

We  can  attribute  the  excellent  work  of  many  of  the  sta¬ 
tionary  top  furnaces  to  a  careful  adjustment  of  the  following 
points  :  Skip  speed ;  angle  of  dump  ;  shape  of  receiving  hopper ; 
location  of  skip,  when  dumping,  with  regard  to  the  center  line 
of  the  furnace;  the  shape  and  size  of  skip  car,  and  method  of 
filling  same. 

Any  one  of  these  mav  cause  an  irregularity  that  will  prove 
very  troublesome,  but  should  be  corrected,  even  though  the  cost 
mav  be  considerable. 
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THE  BLAST  FURNACE  BOSH 

The  bosh  construction  of  a  blast  furnace  should  be  amply 
strong;  bands  between  each  row  of  cooling  plates,  are  consider¬ 
ed,  at  the  present  time,  to  furnish  the  necessary  strength. 
These  bands  are  from  1*4  in.  to  1%  in-  thick,  and  are  supported 
by  substantial  castings,  either  of  iron  or  steel.  These  castings 

prevent  a  possible  slipping  down  of  the  band,  and  also  facilitate 
the  construction  of  the  bosh. 

At  least  one  row  of  plates  should  be  placed  below  the  tuyeres, 
to  take  care  of  the  cutting  action  of  the  blast  at  that  point. 

The  hearth  jacket  has  been  described  by  Mr.  Maccoun.  If 
it  is  amply  strong,  the  brickwork  can  be  laid  up  against  it,  with 
practically  no  expansion  space.  My  practice  is  to  lay  the  brick 
%  in.  from  the  jacket,  and  grout  the  space  with  clay. 

This  method  will  prevent  cracks,  and  break-outs  which  re¬ 
sult  from  cracks ;  as  a  large  percentage  of  the  break-outs  in  the 
hearth  are  due  to  cracks  in  the  brickwork. 

High  grade  brick,  the  best  of  workmanship,  and  a  well  de¬ 
signed  jacket  of  cast  iron,  5  to  6  in.  thick,  with  links  and  bands, 
or  a  heavy  riveted  steel  plate  jacket,  cooled  inside  with  cast  iron 

water  cooled  staves,  or  outside  with  sprays  give  excellent  re¬ 
sults. 

Mr.  Maccoun  has  handled  his  subject  in  a  very  creditable 
manner,  and  I  would  find  great  difficulty  in  adding  to  what  he 
has  already  said  on  the  other  parts  of  the  furnace  and  equip¬ 
ment,  but  I  will  now  state  in  what  direction  our  efforts  are 
being  put  forth  to  secure  further  economy  and  regularity  in  the 
operations  of  the  blast  furnace. 

The  modern  blast  furnace  should  be  equipped  with  suitable 
gas  scrubbers,  to  put  the  gas  in  a  suitable  condition  for 
economical  combustion  in  the  stoves  and  boilers. 

With  clean  gas,  a  scientifically  designed  burner,  and  the 
gas  under  constant  pressure,  there  is  no  reason  why  we  should 
not  approach  theoretical  conditions.  With  dirty  gas  of  vary¬ 
ing  pressure,  our  present  day  burners  set  for  ideal  conditions  at 
one  pressure  would  be  away  off  as  soon  as  that  pressure  changed, 
demanding  either  more  or  less  air;  for  this  reason  we  should 
have  the  gas  as  near  constant  pressure  as  possible,  either  by  regu- 
lating  fans,  or  burners,  or  both. 
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A  burner,  on  both  stoves  and  boilers,  so  designed  that  the 
gas  velocity  will  determine  the  quantity  of  air  drawn  in,  and 
thereby  maintain  perfect  combustion  of  the  gas  at  the  various 
burner  openings,  is  a  problem  which  we  hope  to  solve  some  time. 

A  further  possibility  in  this  line  of  the  furnace  equipment 
is  the  pre-heating  of  the  air  used  for  combustion.  This  we 
hope  to  accomplish  by  means  of  the  heat  of  the  waste  gases. 
The  theoretical  figures  look  very  promising;  of  course  the  air 
must  be  used  under  pressure,  say  of  about  2  in.  water,  to  force 
it  through  the  heating  coils,  which  will  be  situated  in  the  waste 
gas  ducts  leading  to  the  stove  or  boiler  stacks. 

Using  warm  air  of  350  to  400  deg.  Fahr.  our  combustion 
temperature  would  be  raised  considerably,  this  being  the  re¬ 
sultant  of  the  initial  temperature  of  the  gas  and  air,  and  the 
combustion  temperature  of  the  combination. 

This  will  enable  us  to  carry  higher  heats  with  the  same 
quantity  of  gas  consumed,  or  the  same  heat  with  a  lower  com¬ 
bustion. 

The  cleaning  of  the  gas  is  essential  to  high  flame  tempera¬ 
ture  as  the  intense  combustion  temperature  of  the  gas  low  down 
in  the  stove,  will  cause  the  brick  to  combine  with  the  ore  dust, 
forming  a  fusible  cinder,  and  destroying  the  combustion 

chamber  walls. 

In  the  search  for  efficiency  the  quantity  of  air  blown  into 
the  furnace  is  being  investigated,  and  attempts  are  being  made 
to  regulate  this,  also  to  correct  for  temperature.  Some  form  of 
meter  can  be  used  in  the  cold  air  main,  and  I  have  no  doubt 
that  this  would  develop  into  a  more  uniform  weight  of  oxygen 
being  supplied  to  the  furnace,  and  eliminate  the  uncertain  en- 

gine  losses. 

Some  operators,  are,  to  a  small  extent,  correcting  the  volume 
of  air  for  atmospheric  temperature,  with  encouraging  results. 
It  seems  the  more  rational  way,  as  we  should  be  more  desirous 
of  knowing  the  weight  of  air  to  produce  a  certain  result  in  a 
furnace,  rather  than  the  volume,  as  that  is  only  an  approximate 
figure,  unless  the  temperature  is  given. 

With  a  more  uniform  weight  of  oxygen .  supplied  to  the 
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furnace,  a  more  uniform  quantity  and  quality  of  iron  would  be 
produced,  of  course,  accompanied  by  economy. 

The  Rotary  Kiln,  Dwight  Lloyd,  and  Greenwaldt  methods 
of  treating  flue  dust  all  produce  a  very  desirable  material, 
without  adding  any  foreign  matter,  which  would  reduce  the 
iron  content  of  the  product,  and  require  coke  and  limestone 
to  eliminate  it.  This  porous  product  tends  to  open  up  the 
dense  Mesaba  ore  burden,  thereby  giving  a  smoother  running 
furnace,  with  less  flue  dust  loss. 

As  a  summary,  all  our  efforts  are  being  put  forth  to  build 
a  blast  furnace  plant,  with  “Safety”  always  in  view;  strong  so 
that  delays  and  breakdowns  will  be  reduced  to  a  minimum, 
with  all  possible  labor  saving  devices,  and  the  reduction  of  all 
raw  material  losses  to  a  minimum,  as  it  is  there  where  our  big 
savings  must  come  in  the  future. 

These  results  can  only  be  obtained  by  careful  consideration 

of  the  plant  as  a  whole,  and  also  of  all  the  details  of  con- 

struction. 

The  raw  materials  are  becoming  slightly  inferior  year 
after  year,  and  it  behooves  us  to  look  for  economy  and  efficiency 

in  every  direction,  in  order  to  keep  up  to  the  standard  es¬ 
tablished  in  the  past. 


Mr.  J.  M.  Camp*  :  I  would  like  to  have  the  speaker  describe 
the  electrically  operated  top  he  mentioned. 


Prof.  W.  Trines'^:  I  am  not  a  blast  furnace  man  and  I 
am  hardly  qualified  to  speak.  However,  I  have  been  wondering 
while  listening  to  this  paper  whether  the  dry  blast  which 
caused  so  much  stir  at  one  time  is  dead  and  forgotten  now. 

Furthermore,  I  wondered  about  the  terms, — two  pass 
stoves  and  three  pass  stoves.  From  the  perusal  of  Stahl  und 
Eisen  I  noticed  that  all  German  stoves  are  really  one  pass 
stoves,  that  is  to  say,  there  is  a  lateral  combustion  shaft  and  a 
downward  checker  pass  and  since  the  checkers  are  the  only 
things  that  count,  it  is  a  one  pass  stove. 


#  Thls  lyVe  of  st°ve  has  always  appeared  right  to  me  from 

Pittsburgh  BUrCaU  °f  InStrUCti°n’  Carnegie  Steel  Company,  Carnegie  Building, 
burgh.Pr°feSSOr  °f  MechanicaI  Engineering,  Carnegie  Institute  of  Technology,  Pitts- 
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a  theoretical  point  of  view,  because  hot  gases  going  down,  tend 
to  equalize  the  flow  whereas  hot  gases  going  up  tend  to  ma  e 
flow  more  uneven.  It  has  been  said  that  hot  gases  going  down 

“hunt  a  cold  hole.” 

What  I  have  said  may  be  all  theory,  but  if  it  is  wrong, 
there  are  enough  blast  furnace  men  here  tonight  to  set  me 

right. 

Mr.  L.  E.  Riddle*:  '  As  Professor  Trinks  has  asked  for 
some  information  in  regard  to  dry  blast  and  as  I  operate  the 
Isabella  Furnace  dry  blast  plant,  which  was  the  first  installation 
and  having  been  with  it  from  the  beginning,  I  wish  to  say: 
While  some  of  the  claims  made  on  the  basis  of  the  early  work 
are  larger  than  those  we  make  now,  we  are  still  firm  in  our 
belief,  that  with  modern  dry  blast  equipment  which  will  hold 
the  moisture  in  the  blast  below  two  grains  per  cubic  foot,  we 
can  make  an  increase  in  output  of  from  8  to  12  percent  with  a 

10  percent  saving  in  coke. 

We  have  made  a  number  of  experiments  at  Isabella 
Furnaces,  changing  the  furnaces  from  natural  air  to  dry  blast 
and  vice  versa,  and  believe  the  claims  have  been  proved  correct. 

In  line  with  modern  blast  furnace  construction  I  wish  to 
say  a  few  words  on  thin  lined  furnaces.  We  operated  the  first 
one  built  in  this  country  at  the  Lucy  Furnace  plant  and  later  on 
built  one  at  the  Isabella  Furnaces.  Some  of  our  best  practice 
has  been  made  on  these  furnaces,  smooth  working  with  low  fuel 
consumption,  but  our  work  verifies  Mr.  Maccoun’s  statement: 
That  after  the  brick  is  partially  lost  the  coke  per  ton  runs  up. 

We  have  found  thin  lined  furnaces  very  satisfactory 
especially  in  making  special  irons,  such  as  Ferro  Manganese, 
Spiegeliesen,  etc.,  and  we  have  had  better  success  with  the  pro¬ 
ducts  of  thin  lined  than  in  thick  lined  furnaces  as  we  can  oper¬ 
ate  longer  without  relining. 

The  Author:  Mr.  Diehl’s  interesting  description  of  the 
Neeland  type  of  top,  etc.,  and  its  modifications,  I  am  sure  was 
of  great  interest  to  all  of  us,  and  it  adds  a  great  deal  to  my 
paper.  Mr.  Yreeland’s  details  of  the  various  types  of  furnace 
tops  are  also  of  great  interest,  as  are  also  further  remarks  on 
the  economical  use  of  blast  furnace  gas.  He  also  mentioned  a 

•General  Superintendent,  Isabella  Furnaces,  Carnegie  Steel  Company,  Pittsburgh. 
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meter  in  the  cold  blast  main.  The  General  Electric  Company 
have  a  meter  of  that  kind  that  looks  as  if  it  might  be  of  great 
assistance  to  us.  This  meter  will  be  tried  at  our  plants  in  the 
near  future.  Mr.  Riddle  has  answered  Mr.  Trinks  question  to 
a  great  extent  on  dry  blast ;  I  do  not  think  dry  blast  is  dead  by 
any  means.  The  only  thing  is  that  in  many  of  our  plants  we  are 
deficient  in  not  having  enough  stove  capacity  and  other  im¬ 
provements.  The  tendency  is  and  has  been  to  get  these  deficien¬ 
cies  overcome  first  and  later  on  we  think  we  can  still  obtain  10 
percent  increased  production  and  10  percent  less  coke  consump¬ 
tion  by  using  dry  blast.  Regarding  Mr.  Trinks’  question  about 
the  German  one  pass  stove,  I  am  not  quite  sure  what  he  means 
by  that.  I  think  he  means  the  two  pass  stove.  As  I  understand 
it  the  two  pass  stove  is  the  stove  that  is  usually  used  in  Ger¬ 
many,  and  it  is  also  used  to  a  great  extent  in  this  country.  The 
two  pass  stove  has  a  combustion  chamber  in  which  the  gases 
rise  and  then  come  down  through  one  checker  pass,  as  Mr. 
Trinks  described. 

It  is  a  one  checker  pass.  That  is  what  he  means  when  he 
says  a  one  pass  stove;  but  we  always  call  it  a  two  pass  stove  in 
this  country.  It  is  a  very  excellent  stove  and  it  is  preferred  by 
a  very  great  many  blast  furnace  operators  to  the  three  or  the 
four  pass  stove.  Of  course  there  is  some  advantage  to  each  of 
the  other  types  of  stove,  but  I  think  on  the  whole  we  have 
installed  more  two  pass  stoves  than  three  pass  stoves. 

Regarding  Mr.  Camp’s  question  about  how  this  electrically 
operated  top  works,  I  see  he  has  left  but  I  will  try  to  describe 
it.  The  only  feature  of  the  top  that  works  electrically  is  the 
bells  and  skip  hoist.  By  operating  the  bells  electrically  we 
avoid  condensation  losses  of  steam,  and  the  power  required  to 
operate  them  in  a  year’s  run  is  much  less  than  with  the  steam, 
air  or  oil  operated  bells.  This  results  in  quite  a  saving  by  the 
use  of  the  electrically  operated  bells  which,  figured  for  a  single 
blast  furnace  amounts  to  a  saving  of  approximately  $2000  a 
year  on  fuel  over  steam  or  air  operation.  These  tops  are  being 
operated  quite  successfully  in  many  blast  furnace  plants. 

Mr.  N.  F.  Foner*  :  The  speaker  has  elaborately  covered 
the  subject  of  the  “Trend  of  Modern  Blast  Furnace  Construc- 

*Designing  Draftsman,  Edgar  Thomson  Works,  Carnegie  Steel  Company. 
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tion”  without,  however,  mentioning  the  importance  of  the 
utilization  of  flue  dust  and  waste  heat.  Perhaps  he  has  pur¬ 
posely  omitted  these  features  since  either  of  the  above  men¬ 
tioned  subjects  would  make  a  very  good  evening’s  discussion. 

I  do,  however,  consider  it  rather  necessary  to  mention  them 
in  connection  with  the  Trend  of  Modern  Blast  Furnace  Construc¬ 
tion,  since  the  degree  of  utilization  of  flue  dust  and  waste  heat 
will  prove  to  be  two  important  factors  and  by  themselves  will 
certainly  affect  the  economical  operation  of  the  blast  furnace. 

Considering  that  the  downcomers  and  dust  catchers,  as 
well  as  the  gas  washers,  are  necessary  equipment  for  the  blast 
furnace,  not  only  for  their  respective  operation,  but  also  to 
make  the  places  tenable  for  the  employes,  the  expense  of  the 
equipment  must  necessarily  he  charged  to  the  blast  furnace 
and,  considering  that  for  the  continuous  operation  of  the  furnace 
we  are  also  compelled  to  remove  the  dust  from  the  dust  legs 
to  the  dust  pile,  we  get  this  valuable  by-product,  theoretically 

speaking,  free  of  charge. 

Considering  further  that  this  flue  dust  contains  some  60 
to  70  percent  of  iron  (mostly  magnetic)  which  is  or  can  he 
utilized  at  the  blast  or  open  hearth  furnaces,  my  contention  is 

obvious. 

It  requires,  of  course,  the  expenditure  of  a  special  plant 
with  a  number  of  various  machines,  mostly  patented  devices,  as 

well  as  a  few  small  special  type  furnaces. 

As  very  few  firms  are  using  the  same  or  similar  equipments 
I  believe  a  paper  on  the  description  of  the  so-called  flue  dust 
plants  would  prove  of  interest  to  every  blast  furnace  man. 

Further,  as  the  conditions  of  the  waste  heat  are  similar,  i.  e., 
each  heat  unit  that  is  utilized  before  it  passes  the  stack  means 
an  equivalent  gain  for  the  furnace,  although  not  necessarily 
used  at  the  furnace  proper,  without  any  additional  expense, 
except  for  the  equipment.  I  am  well  aware  of  the  various  types 
and  applications  of  boilers,  superheaters  and  economizers  for 
this  purpose,  but  it  seems  we  have  not  yet  attained  the  practica 
limit  and  a  comparison  of  data  of  various  equipment  will  de¬ 
serve  the  attention  not  only  of  the  steam  engineer  but  also  that 
of  the  blast  furnace  man. 


TOWER  FOUNDATIONS  FOR  THE 
CRISTOBAL-BALBOA  TRANS¬ 
MISSION  LINE 


By  Ira  W.  Dye* 


A  description  of  the  foundations  of  the  Cristobal-Balboa 
Transmission  Line  requires  a  brief  summary  of  the  entire 
system  of  generation  and  distribution  of  power  for  the  Panama 
Canal,  of  which  the  Transmission  Line  is  a  part. 

Power  is  generated  at  a  hydro-electric  plant  just  below  the 
spillway  of  Gatun  Lake,  by  three  2666  K.V.A.,  3-phase,  25- 
cycle,  2200-volt  generators,  each  driven  by  a  vertical  turbine  of 
the  Francis  type,  using  water  from  Gatun  Lake.  The  current 
is  delivered  at  2200  volts  to  a  sub-station  east  of  Gatun  Locks 
by  lead  covered  cables  in  duplicate  vitrified  clay,  20-way  duct 
lines  on  the  downstream  slope  of  Gatun  Dam,  crossing  the  locks 
through  a  tunnel  under  the  floor.  Suitable  transformers, 
switches  and  protective  devices  deliver  the  current  to  the  trans¬ 
mission  line  at  44  000  volts.  The  transmission  line  follows  the 
line  of  the  Panama  Railroad  from  Cristobal,  the  Atlantic  port, 
to  Balboa,  on  the  Pacific,  a  distance  of  47  miles.  Sub-stations 
are  provided  at  Cristobal,  Gatun,  Miraflores,  and  Balboa,  and 
all  are  of  similar  type,  except  that  provision  is  made  at  Gatun 
for  feeding  the  transmission  line  from  the  hydro-electric  plant 
or  from  a  steam  plant  used  during  canal  construction,  and  for 
taking  current  from  the  line  or  direct  from  the  generating  plant 
to  operate  the  locks,  and  a  similar  provision  is  made  at  Mira¬ 
flores  for  making  use  of  an  existing  steam  plant  or  drawing 
power  from  the  transmission  line.  The  sub-stations  at  the  ter¬ 
mini  are  step-down  transformer  stations  to  deliver  power  to 
the  shops,  docks,  and  coal  handling  plants. 

The  transmission  line  follows  the  right-of-way  of  the 
Panama  Railroad  throughout  its  length,  this  being  the  only 

Contributed  to  the  Proceedings  by  a  non-resident  member. 

General  Foreman,  Transmission  Line,  Isthmian  Canal  Commission,  Culebra, 
Canal  Zone. 
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feasible  way  of  crossing  the  Isthmus,  except  the  Canal  itself. 
The  various  wide  and  deep  arms  of  the  Gatun  Lake,  and  the 
almost  impenetrable  jungle  on  all  sides,  preclude  the  use  of 
any  other  route.  The  advantages  of  easy  maintenance,  facility 
of  future  electrification  of  the  railroad  and  the  fact  that  all 
settlements  and  all  canal  works  are  reached  by  the  railroad 
also  indicate  this  as  the  proper  route  for  the  transmission  line. 


The  supporting  structure  for  the  wires  is  a  track  span 
bridge  consisting  of  an  A  frame  on  each  side  of  the  track  with 
a  heavily  braced  cross  bridge,  the  wires  carried  by  suspension 
insulators  from  cantilever  brackets  outside  the  A  frames.  The 
line  is  in  duplicate  throughout,  the  power  wires  hanging  in  a 
horizontal  plane  on  each  side  of  the  track,  and  the  ground  wires 
carried  on  top  of  the  A  frames.  The  phase  wires  are  seven 
strand,  2/0  hard  drawn  copper,  spaced  five  feet  from  each  other 
and  from  the  steel  structure,  and  the  ground  wire  is  a  in. 
copper  clad  wire,  connected  at  every  bridge  by  a  wire  down 
one  leg  of  the  A  frame  to  a  ground  plate  embedded  in  moist 
earth.  These  features  are  indicated  in  Fig.  1,  and  the  photo¬ 
graphs. 
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The  foundations  are  subject  to  some  rather  difficult  con¬ 
demns  of  design.  The  Panama  Railroad,  as  relocated  outside 
ot  the  Canal  prism,  abounds  in  curves,  which  introduce  angle 
towers  as  a  usual,  rather  than  special,  condition.  Clearness  of 
vision  for  engine  drivers  demands  a  wide  bridge,  and  36  ft  is 
the  standard  adopted.  This  locates  the  foundations  on  the  slope 
of  the  fills  or  cuts,  and  it  was  impossible  to  excavate  pits  large 
enough  to  build  a  gravity  type  of  anchor  without  undermining 
the  track  and  endangering  traffic.  The  type  adopted  is  shown 


in  Pig.  2  and  consists  of  a  sub-base  one  foot  thick  surmounted 
by  two  pedestals  4  ft.  2  in.  high,  anchored  by  a  pile  under 
each  pedestal,  formed  by  drilling  and  casing  an  8-in.  diameter 
ole,  expanding  the  bottom  with  dynamite,  and  filling  with  con¬ 
crete,  reinforced,  for  tension  only,  against  the  uplifting  effect 
of  the  overturning  moment  on  the  tower.  Varying  conditions 
along  the  right-of-way  caused  numerous  modifications  of  the 
type,  but  the  essential  features  are  retained  in  all  cases. 

As  may  be  noted  in  Pig.  2,  the  anchor  bolts  extend  the 
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entire  depth  of  the  pedestals,  and  are  anchored  to  two  70-lb. 
rails  by  a  plate,  the  lower  nut  of  the  bolts  being  below,  and  the 
rails  above,  the  plate.  The  rails  are  embedded  in  the  sub-base, 
and  the  reinforcing  rods  from  the  anchors  extend  through  the 
sub-base  almost  to  the  top  of  the  pedestals,  tension  on  the  an¬ 
chor  bolts  being  transmitted  by  the  bond  of  the  steel  to  the  ex¬ 
panded  anchors. 


In  many  cases  on  steep  fills,  a  firm  bearing  could  not  be 
secured  18  feet  from  center  of  track  and  4  ft.  5  in.  below  top 
of  rail.  In  such  cases  the  form  shown  in  Fig.  3  was  used,  ex¬ 
cavation  being  carried  down  as  far  as  was  necessary  to  bring 
the  outer  edge  of 'the  suh-hase  in  good  material,  and  the  heig 
between  sub-base  and  pedestals  filled  by  a  base  30  inches  wide, 
which  is  sufficient  to  carry  the  pedestals  and  embed  the  rein¬ 
forcing  steel  and  old  rails.  This  type  of  construction  proved  to 
be  almost  as  usual  as  the  standard  type,  as  a  large  proportion 
of  the  Panama  Railroad  is  on  embankment  due  to  the  fact  that 
it  crosses  the  water  courses  on  the  east  side  of  the  Chagres  an 
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Rio  Grande  valleys,  for  over  half  its  length ,  the  Canal,  of  course, 
occupying  the  valleys  on  both  sides  of  the  Cordilleras. 

Another  modification  of  the  standard  type  was  made  in 
crossing  a  tidal  swamp  between  Gatun  and  Cristobal.  In  this 
case  the  surface  soil,  a  black  organic  mud,  would  not  carry  the 
weight  of  the  structures,  and  four  piles  under  each  footing'were 
driven  to  rock  by  drilling,  casing,  and  filling  with  concrete. 
The  longest  of  these  piles  was  120  feet,  and  the  average  for 
three  miles  (54  towers)  was  50  feet.  The  original  builders  of 
the  Panama  Railroad  laid  a  pontoon  of  logs  across  this  swamp, 
and  the  present  fill  has  been  gradually  brought  up  about  four 
to  six  feet  above  sea  level.  Wash  drill  borings  at  the  site  of 
each  foundation  showed  black  mud  with  rotted  swamp  grass 
and  reeds  for  ten  to  twenty  feet,  then  the  logs  of  the  original 
pontoon,  badly  rotted  and  crumbling  in  the  air,  then  from  ten 
to  thirty  feet  of  coral  sand  mixed  with  mud,  then  a  layer  of 
clear  beach  sand  over  the  sandstone.  The  penetration  of  drilled 
piles  was  checked  against  the  wash  drill  borings,  and  each  hole 
was  driven  3  feet  into  the  rock.  The  holes  were  made  with  Star 
WeU  Drills,  formerly  used  in  Culebra  Cut,  and  8-inch  casing 
was  driven  the  full  depth,  using  a  long  cast  iron  sleeve  to  keep 
the  joints  in  line.  The  term  “drilling,”  in  this  connection,  is 
a  misnomer,  as  the  operation  consisted  in  driving  a  joint  of 
casing,  stirring  up  the  mud  and  sand  with  the  bit,  and  mucking 
out  the  hole.  Each  hole  was  cleaned  out  with  a  hand  bailer 
just  before  concrete  was  placed,  and  expanded  at  the  bottom 
with  a  half  stick  (8  oz.)  of  45  percent  dynamite,  which  had  the 
effect  of  bringing  up  most  of  the  thin  mud  and  water  at  the 
bottom  of  the  hole.  Concrete  for  these  holes  was  mixed  with  25 
percent  extra  cement  as  a  factor  of  safety. 

The  organization  employed  in  constructing  these  founda¬ 
tions  included  the  field  engineering  parties,  the  construction 
gangs  proper,  and  the  clerical  force  of  timekeepers,  field  cost 
clerks,  and  material  and  property  clerks.  Construction  was 
started  with  a  small  force,  which  was  rapidly  increased  to  a 
maximum  of  500  employees,  the  increase  being,  of  course,  mainlv 
in  the  construction  gangs.  For  purposes  of  accounting  and 
record,  the  mile,  as  marked  by  the  Panama  Railroad  mile  posts, 
was  used  as  a  unit,  each  track  span  bridge  being  designated  by 
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a  serial  number  beginning  at  the  mile  post  north  of  it,  as  7  M-l, 
or  23  M-16. 

The  first  field  work  was  the  location  of  towers  along  the 
center  line  of  track.  Starting  at  a  point  fixed  by  the  Chagres 
River  bridge,  towers  were  spaced  uniformly  300  ft.  apart  on 
tangents  and  curves  of  2  deg.  1  min.  or  less,  250  ft.  apart  on 
curves  and  from  2  deg.  to  5  deg.,  inclusive,  and  200  ft.  apart  on 
curves  over  5  deg.,  of  which  there  are  only  four  on  the  entire 
route.  The  chaining  was  done  on  center  line  of  track,  and 
stakes  set  on  center  and  ten  feet  each  way  on  the  tangent  at 


this  center.  From  these  "end  stakes”,  a  rectangle  20  by  36 
feet  was  marked  out,  the  corners  on  one  side  of  the  track  giving 
both  alignment  and  spacing  for  the  anchor  bolts  and  forms. 
Between  the  "end  stakes”,  "drill  stakes”  were  set  at  the  point 
where  holes  for  the  anchors  were  to  be  drilled,  8  ft.  4  in.  apart. 
It  soon  developed  that  the  end  stakes  were  liable  to  be  disturbed 
by  men  working  around  the  dirlls ;  hence  they  were  usually 
placed  after  drilling  was  finished,  only  drill  stakes  being  set  on 
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the  first  survey.  A  full  set  of  line  stakes  appeared  as  in  Fig. 
4,  and  a  good  instrument  man  with  West  Indian  negroes  as 
ehainmen  and  stake  men  can  set  twelve  bridges  in  an  eight-hour 
day.  As  the  equal  spacing  of  supports  is  quite  essential  for 
satisfactory  catenary  trolley  construction,  one  or  another  of  the 
three  standard  spans  was  staked  according  to  the  rule  above 
given. 

To  obtain  clearance  at  turnouts,  station  buildings,  culverts, 

?  necessary  to  use  a  shorter  span  than  300 

feet  on  tangents  and  light  curves,  and  in  such  cases  the  next 
shorter  standard  span  was  staked,  the  bridge  was  moved  later¬ 
ally,  or  the  obstruction  removed,  the  only  exception  being  sub¬ 
station  dead-ends  and  one  334  ft.  span  across  the  Gatun  River. 
Field  book  records-  of  chaining  and  stakes  were  kept,  and  the 
Panama  Railroad  stationing  of  each  track  span  bridge  recorded. 

In  general,  the  foundations  were  placed  18  ft.  each  way 
from  center-line  on  single  track,  and  13  ft.  from  center-line  of 
main  track  on  sidings.  As  sidings  are  spaced  14  ft.  from  the 
main  track,  the  opposite  foundation  is  9  ft.  from  center-line  of 
siding,  the  standard  36  foot  wide  bridge  being  used  in  791  cases. 
Twenty  bridges  of  the  same  type,  but  22  feet  wide,  were  em¬ 
ployed  in  the  approaches  to  Gatun  and  Cristobal  sub-stations, 
in  crossing  the  Chagres  River  bridge  (suspended  from  the  bridge 
girders)  and  over  the  hill  pierced  by  Miraflores  tunnel.  Five 
bridges  with  a  span  of  39  ft.  6  in.,  and  five  bridges  84  feet  high, 
were  used  in  special  cases  making  a  total  of  821  towers. 

The  first  operation  of  construction  work  was  to  drill  the 
holes  for  the  concrete  anchors.  Star  Well  Drills,  style  No.  15, 
of  the  portable  type  used  in  Culebra  Cut,  each  having  its  own 
boiler,  were  employed,  working  in  pairs,  one  drill  on  each  side 
of  the  track.  The  pairs  of  drills  were  spaced  approximately  a 
mile  apart,  one  white  foreman  in  charge  of  three  pairs.  Each 
pair  of  drills  was  in  charge  of  a  negro  sub-foreman,  and  twelve 
laborers,  the  laborers  laying  out  runways,  building  cribbing  on 
the  steep  sides  of  the  fills,  carrying  water  for  drill  boilers,  and 
moving  the  outfit  ahead.  The  drills  were  pulled  ahead  by  their 
own  engines  winding  up  a  manila  line  tied  to  the  track  ahead 
of  the  next  “spot'',  the  runways  of  3  ft.  by  12  ft.  plank  being 
laid  out  on  the  ground  or  on  cribbing  while  the  machine  was 
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drilling.  This  moving  was  difficult  and  hazardous  at  times,  on 
the  sloping  berm  of  narrow  fills,  and  comprises  from  50  to  80 
percent  of  the  cost  of  drilling.  The  planking  and  old  ties  for 
cribbing  were  moved  ahead  on  push  cars  on  the  track,  at  a 
considerably  less  cost  than  they  could  have  been  moved  by  hand. 

All  drill  holes  were  cased  with  light  8-inch  pipe,  except  in 
solid  rock,  to  avoid  the  possibility  of  the  hole  caving  in  before 
or  during  concreting,  as  every  span  is  required  to  be  an  anchor 
span.  To  the  best  of  my  knowledge  and  belief,  only  one  hole — 
the  first  one — is  open  to  suspicion. 


After  the  drill  moved  off  the  hole,  a  detachment  from  the 
concreting  and  labor  gang  excavated  a  pit  6  by  13  feet  to  grade, 
or  lower  if  necessary  to  secure  a  firm  footing,  the  drill  holes 
being  carefully  plugged  with  a  bundle  of  twigs  to  avoid  dropping 
loose  material  into  it.  The  engineer  next  set  a  grade  stake 
with  its  top  at  the  correct  elevation  for  bottom  of  pedestals, 
and  either  checked  or  set  the  end  stakes,  20  ft.  apart  on  center 
line  of  foundation.  The  iron  men  then  came  in,  and,  after  a 
stick  of  dynamite  had  been  set  off  in  the  hole,  measured  the 
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depth  and  cut  reinforcing  rods  to  fit.  One  stick  of  45  percent 
dynamite  or  Trojan  powder,  set  off  by  a  hand  magneto,  sufficed 
to  clear  the  hole  and  expand  the  bottom  to  an  approximate 
sphere  of  2  feet  diamater,  in  fill  or  clay  material.  In  rock,  the 
springing’  was  done  twice,  to  insure  a  large  pocket.  The 
carpenters  then  erected  the  form  for  the  sub-base,  and  a  stiff 
frame  for  aligning  and  supporting  the  anchor  bolts,  bringing 
the  top  of  the  form  level  with  the  grade  stake,  and  the  top  of 
the  side  rail  of  the  frame  five  feet  higher.  A  light  wooden  tem¬ 
plate,  twenty  feet  long,  was  then  laid  along  the  top  of  the 
frame,  the  end  rails  being  placed  6  inches  above  the  side  rails 
to  support  it,  and  the  center  marks  on  its  ends  were  adjusted 
over  the  tracks  in  the  end  stakes  by  means  of  plumb-bobs,  and 
the  templates  tacked  in  place.  A  3  in.  by  6  in.  beam,  with  holes 
bored  14Yo  in.  apart  to  fit  the  anchor  bolts,  was  next  lined  up 
exactly  under  the  holes  in  the  template  and  spiked  to  the  side 
rails,  the  template  removed,  and  the  alignment  of  all  bolt  holes 
checked  with  a  steel  tape,  across  the  track  and  longitudinally. 
A  variation  of  y8  in.  was  allowed,  as  being  the  practical  limit 
of  accuracy  of  a  tape  with  a  West  Indian  at  one  end.  The  con¬ 
struction  of  this  form  is  shown  in  Fig.  5. 

The  iron  men  then  took  charge ;  having  previously  exploded 
a  stick  of  dynamite  in  the  hole  and  measured  the  depth,  they 
next  lowered  the  reinforcing  rods  in  the  hole,  dropped  the  bolts 
through  the  holes  in  the  3  in  by  6  in.  beam,  put  the  plates  on 
the  bottom,  and  laid  the  two  old  rails  in  place.  The  tops  of 
the  bolts  were  brought  to  grade  by  running  the  nut  at  the  top 
up  or  down,  each  bolt  tested  with  a  carpenter’s  level  for  plumb¬ 
ness,  and  a  split  template  tacked  across  the  top  of  the  sub-base 
form  to  hold  the  alignment  during  concreting. 

Reinforcing  steel  was  cut  and  bent  and  minor  repairs  to 
tools  and  equipment  used  in  concreting  were  made  in  portable 
forges  sheltered  by  a  corrugated  iron  roof,  the  “shop”  being 
moved  about  a  quarter  of  a  mile  at  a  time  by  the  iron  gang  on 
a  push  car.  Saws,  shovels,  picks,  cold  chisels,  ere.,  were  shar¬ 
pened  in  this  shop  during  off  times  of  the  day,  and  the  boss 
warmed  his  otherwise  cold  coffee  on  the  forge  at  noon.  If  a 
fortuitous  native  shack  could  produce  a  chicken,  the  surveyor, 
the  drill  foreman  and  (if  he  heard  of  it)  the  general  foreman, 
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might  be  seen  at  the  shop  during  noon  hour  consuming  an  im¬ 
promptu  feast  instead  of  the  usual  cold  lunch. 

All  forms,  including  the  bracing  and  framework  to  hold 
the  anchor  bolts,  were  made  easily  removable,  and  were  used  over 
and  over  until  worn  out  by  nail  holes  or  the  rough  and  tumble 
handling  they  received  when  unloaded  to  clear  a  train  bearing 
down  on  a  push  car  load  moving  ahead.  The  placing  and  re¬ 


direction  of  a  white  American  carpenter,  a  gang  consisting  of  ten 
carpenters,  four  iron  men,  two  flagmen,  and  the  omnipresent 
“  aguatero,”  or  water-bov.  The  water-boy  deserves  special  men¬ 
tion,  as  it  is  no  simple  or  unimportant  matter  to  find  good  drink- 
in  water  for  twenty  negroes  working  under  a  Panama  sun 
along  the  track.  The  boys  were  under  twelve  years  of  age,  and 
I  have  known  them  to  carry  a  five  gallon  ‘  ‘  Standard  Oil  tin  full 
of  water  for  a  mile  and  a  half.  The  British  negro  will  not 
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drink  anything  he  thinks  will  give  him  “feevah”,  and  he  can’t 
work  without  water.  Springs,  clear  running  streams,  and  the 
public  water  supplies  were  used  for  drinking,  although  the 
long  suffering  star  drill  boilers  and  concrete  often  had  to  accept 
much  less  carefully  selected  liquids. 


Forms  and  irons  being  in  place,  the  next  operation  was 
mixing  and  placing  concrete.  All  concrete  was  hand  mixed,  the 
materials  being  either  (1)  Chagres  River  gravel,  not  washed  or 
screened,  but  fairly  clean  and  well  graded  as  it  came  from  the 
dredges;  or  (2)  crushed  trap  rock  of  a  size  to  pass  a  2%  in. 
ring,  mixed  with  one  half  its  volume  of  clean  sand. 

No  attempt  was  made  to  determine  percentage  of  voids  in 

this  stone,  as  tests  made  previously  during  construction  of  the 

locks  showed  it  to  average  about  50  percent  voids.  A  1  to  5 y2 

mix  was  used  with  the  gravel,  and  a  l-2y2-5  with  the  sand  and 
stone. 


The  gravel  and  stone  were  dumped  one  rail  length  from  the 
location  of  each  foundation,  using  12-yard  Western  or  Oliver 
dump  cars.  One  load  of  sand  was  dumped  half  way  between 
two  piles  of  stone,  as  only  half  as  much  sand  was  required. 
The  mixing  plant  consisted  of  a  mixing  board  9  feet  square, 
of  2-inch  lumber  on  3  in  by  5  in.  stringers,  the  stringers  pro¬ 
jecting  as  handles  for  moving  the  board.  Runways  of  2  in.  by 
12  in.  rough  plank  were  laid  from  the  sand  pile  and  stone  pile 
to  the  board.  A  barrel  for  water  was  set  along  side  the  board, 
and  filled  by  men  with  buckets,  carrying  from  streams  or  ditches, 
and,  for  most  of  the  distance  from  the  canal.  The  operations 
involved  in  concreting  were  as  follows :  Three  men  with  wheel¬ 
barrows  load  the  board  with  y>  yard  of  stone  and  y4  yard  of 
sand,  the  stone  placed  first.  Four  men  with  shovels  spread  the 
stone  and  sand  evenly  over  the  board,  and  spread  the  cement  on 
top.  The  loaders  then  proceeded  to  fill  the  wheelbarrows  and 
load  the  board  across  the  track,  and  the  mixers  pile  the  batch  up 
in  a  steep  cone,  in  the  middle  of  the  board.  They  then  “cut” 
the  batch  over,  dry,  into  two  piles  at  the  side  of  the  board 
shovel  it  back  into  a  ring,  and  a  fifth  man  pours  in  the  water 
from  the  barrel.  The  mixers  then  pile  the  batch  into  a  cone 
again,  wet  this  time,  and  “cut"  it  again,  the  water  man  adding 
water  locally  as  required.  When  the  whole  batch  has  been 
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finished,  and  not  before,  it  is  shoveled  into  the  form  and  tamped 
into  the  drill  holes  and  around  the  irons.  The  mixers  then 
move  across  the  track,  and  the  loaders  recharge  the  first  board 
while  the  second  batch  is  being  mixed. 

The  sequence  and  completeness  of  all  the  steps  of  mixing 
and  placing  were  specified  and  strictly  maintained,  as  it  is  not 
safe  to  trust  to  the  judgment  of  the  West  Indian  negro.  He 
learns  to  do  a  certain  thing  in  a  certain  way  at  a  certain  signal 
or  cue,  and,  with  supervision,  will  do  just  that  and  do  it  well. 


Fig.  7.  Foundation  with  Raised  Sub-Base. 


The  process  above  described  errs,  if  at  all,  on  the  side  of  over¬ 
mixing.  A  complete  cycle  takes  about  15  minutes,  and  one 
gang  of  four  mixers,  three  loaders,  one  water  man  and  two 
water  carriers  can  mix  twelve  to  sixteen  yards  of  concrete,  in 
four  different  forms,  in  a  day  of  eight  hours. 

When  the  drill  holes  and  sub-base  were  filled,  the  concrete 
gang  moves  to  the  next  “bridge”,  while  the  carpenters  set  and 
brace  the  pedestal  forms.  These  are  also  removable  forms  of 
2  in.  lumber,  lined  with  galvanized  iron  for  smoothness  and 
durability,  and  fastened  with  bolts,  see  Fig.  6. 
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General  views  of  the  foundations  and  the  completed  line  are 
shown  in  Figs.  7,  8,  9  and  10. 


Four  carpenters,  working  together,  set  up,  aligned,  and 
braced  the  four  pedestals  in  about  30  to  40  minutes.  The  con¬ 
crete  gang,  on  completing  the  sub-base  ahead,  returned  and 
filled  the  four  pedelstals.  the  carpenters,  in  turn  moving  ahead. 


•r' ig.  S.  Foundation  on  Slope  of  Fill. 

9 

Forms  filled  one  day  were  removed  the  next,  this  removal 
of  forms  being  the  first  work  of  the  day  for  the  carpenters.  As 
the  various  pieces  were  removed,  they  were  piled  up  beside  the 
track, _  and  moved  ahead  by  push  car  near  to  the  next  open  ex¬ 
cavation,  where  they  were  cleaned  with  wire  brushes,  excess 
nails  pulled,  and  re-erected. 
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A  detachment  from  the  excavating  gang  finished  the  founda¬ 
tion  by  backfilling  to  the  level  of  the  sub-grade,  cleaning  dit¬ 
ches,  disposing  of  surplus  sand,  stone,  or  gravel,  and  cleaning 
up  the  right-of-way.  Any  surplus  iron  or  lumber  were  piled 

up  to  be  removed  by  the  work  train. 

One  of  the  principal  difficulties  encountered  was  the  dis¬ 
tribution  of  material  in  small  lots  all  the  way  across  the  Isth¬ 
mus.  Another  difficulty  was  in  getting  the  men  from  their 
homes  to  the  widely  separated  working  points.  To  take  care  of 
these  two  features,  a  work  train,  in  charge  of  a  qualified  crew 
under  the  direction  of  a  material  foreman,  was  employed 
throughout  the  job.  Material  was  shipped  via  the  Panama  Rail¬ 
road  to  stations  along  the  route,  and  handled  by  the  material 
foreman  to  the  various  gangs.  As  soon  as  the  engineering  par¬ 
ties  had  marked  out  the  location  of  towers,  gravel  or  stone,  and 
sand,  were  hauled  out  and  dumped  at  each  bridge.  Reinforcing 
steel,  old  rails,  anchor  bolts,  and  form  lumber,  were  unloaded 
in  piles  about  four  places  to  a  mile.  Coal  and  casing  for  the 
drills  were  unloaded  about  eight  places  per  mile,  sheets  of  old 
corrugated  iron  roofing,  some  of  it  left  on  the  Isthmus  by  the 
French  canal  diggers,  were  laid  on  the  ground  to  prevent  loss 

of  coal.  q  454- 

Cement  was  unloaded  into  portable  sheds,  8  ft.  y  •> 

with  a  capacity  of  about  400  sacks  of  cement.  Two  of  these 
were  placed  in  each  mile,  and  refilled  as  required.  The  sheds 
were  built  of  2  in.  by  4  in.  and  2  in.  by  6  in.  lumber,  with 
sides,  roof  and  door  of  corrugated  iron  roofing,  the  floor  not 
attached  to  the  walls.  They  could  be  lifted  bodily  by  ten  men, 
and  were  handled  either  by  the  train  or  on  push  cars. 

Saturday  each  week  was  devoted  to  the  distribution  of  small 
tools  and  supplies,  and  the  collection  of  empty  cement  sacks. 
Each  foreman  was  required  to  hand  a  list  of  his  needs  to  the 
general  foreman  or  material  foreman  on  or  before  Friday,  for 
the  next  week.  Such  material  as  was  not  on  hand  was  secured 
from  the  Quartermaster’s  storehouses  on  Friday,  and  delivered 
on  Saturday  by  train. 

On  completion  of  a  mile,  the  entire  outfit  of  each  gang  was 
loaded  on  the  train,  hauled  to  a  new  location,  and  set  down 
ready  for  work.  The  drills,  of  course,  completed  the  mile  first, 
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and  were  moved  first,  usually  four  or  six  drills  at  a  time,  in¬ 
cluding  all  those  under  one  drill  foreman.  The  concrete  gangB 
followed  two  to  live  days  behind  the  drills.  A  unit  organization 
included  two  drills  operated  by  one  gang,  one  carpenter  and 
iron  work  gang,  and  one  excavation,  concrete  and  backfill  gang. 
An  engineering  party  kept  stakes  set  ahead  of  two  or  three 
unit  gangs,  and  recorded  the  elevations,  spacings,  and  progress 
behind  them.  Five  such  units  wrere  organized  and  continued 
until  near  the  completion  of  the  foundations. 


«  . 

Fig.  9.  Completed  Line  along  Miraflores  Lake. 

In  addition  to  the  distribution  of  material  and  supplies,  the 
work  train  made  a  trip  morning  and  evening  as  labor  train, 
taking  men  to  work  and  bringing  them  in  at  night,  over  about 
half  the  line.  Labor  trains  operated  by  other  departments  of 
the  Canal  work  were  utilized  elsewhere.  For  twelve  miles  near 
Frijoles,  a  camp  was  established,  as  the  nearest  town  was  four¬ 
teen  miles  away  too  far  for  efficient  labor  train  service.  The 
camp  at  Frijoles  was  erected  by  the  Quartermaster’s  Depart¬ 
ment  on  the  edge  of  Gatun  Lake,  and  consisted  of  nine  tents,  20 
by  40  feet,  for  “silver”  (negro)  employes,  and  five  tents,  14 
by  14  ft.,  for  “gold”  (white  American)  men. 
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All  tents  were  floored  and  screened,  and  provided  with  flies 
for  protection  against  tropical  sun  and  rain.  A  branch  of  the 
Panama  Railroad  commissary  was  established  where  food  sup¬ 
plies  could  be  bought,  and  the  silver  men  did  their  own  cook¬ 
ing.  The  gold  men  clubbed  together  to  operate  a  mess,  the  cook 
and  waiter  being  paid  by  the  Commission,  and  supplies  bought 
at  the  commissary. 

Test  loads  were  applied  to  four  foundations,  at  points 
where  conditions  were  least  favorable,  by  piling  on  pig  iron  in 
excess  of  the  load  due  to  the  towers.  In  no  case  was  any  settle¬ 


ment  noted,  elevations  being  taken  and  measurements  checked 
at  frequent  intervals'.  At  least  two  sets  of  readings  were  taken 
with  wye  level  on  each  anchor  bolt,  and  distances  across  the 
track  were  checked  at  the  same  time.  In  three  cases  sliding  of 
the  fill  moved  the  foundations  out  of  line  and  grade,  and  it 
was  necessary  to  partially  wreck  and  repair  them. 

The  appended  'diagram  of  costs,  Fig.  11,  includes  all  work 
on  which  completed  cost  data  is  available  at  the  time  this  ar¬ 
ticle  is  written.  Miles  4  and  5  are  mostly  in  the  tidal  swamp 
between  Gatun  and  Colon.  Work  was  started  on  Miles  34  and 
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35,  cost  figures  for  which,  therefore,  involve  factors  of  new 
organization  and  inexperienced  labor.  The  other  miles  shown, 
however,  are  fairly  representative  of  average  conditions  on  an 
average  railway,  except  for  the  condition  of  climate. 

The  principal  interest  attaching  to  the  type  of  foundation 
here  described  is  in  the  adaptability  of  this  type  of  foundation 
to  tower  structures  in  general.  A  usual  condition  of  such  struc¬ 
tures  is  that  the  wind  load  anti  other  live  loads  are  applied  more 
or  less  horizontally,  producing  a  force-couple  tending  to  de¬ 
press  one  side  and  lift  the  other  side  of  the  tower.  The  ex- 

COSTOrDR.LL.NC  ANCHORS  COST  or  RF.NrORef  D  CONCRPI  COST  or  rov^CMT.ONS 


Fig.  11.  Cost  of  Foundations. 
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panded  anchor  pile,  surmounted  by  a  suitable  pedestal,  meets 

this  requirement  quite  exactly. 

The  piles  can  be  made  by  boring  with  a  post  hole  auger, 
where  soil  conditions  permit.  This  was  done  on  the  Isthmus  in 
places  where  clay  cuts  of  1000  feet  or  more  length  were  found. 
The  auger  hole  is  not  so  easy  to  case  up,  however,  and  requires 
firm  ground.  If  ground  is  loose,  it  will  fall  into  the  hole  during 
concreting,  and  it  is  liable  to  pinch  off  the  pile. 

In  locations  where  transportation  of  materials  for  concrete 
is  laborious  and  expensive,  as  on  long  cross  country  transmis¬ 
sion  lines,  for  isolated  anchor  towers  on  lines  using  wooden 
poles,  for  special  installations  at  sub-stations,  for  track  span¬ 
ning  bridges  for  electrification  of  existing  steam  railroads,  and 
other  similar  kinds  of  foundations  requiring  strength  against 
downward  and  upward  pressures,  the  expanded  pile,  surmount¬ 
ed  by  a  pedestal,  should  be  both  serviceable  and  economical. 

The  foundations  herein  described  were  designed  in  the 
office  of  the  Electrical  and  Mechanical  Engineer  of  the  Isthmian 
Canal  Commission,  and  built  under  his  direction.  The  writer 
was  General  Foreman,  in  charge  of  the  field  engineering,  con¬ 
struction,  and  clerical  organization  in  building  the  foundations. 


POSSIBILITIES  IN  TECHNICAL 
PHOTOGRAPHY 


By  Frederick  Henius* 


Photography  lias  been  made  popular  and  its  operations 
simplified  by  the  introduction  of  the  kodak  in  connection  with 
the  well  known  slogan:  “You  press  the  button,  we  do  the  rest’’ 
Ever  since  the  Eastman  Kodak  Co.  started  to  manufacture  the 
kodak,  which  was  the  name  for  a  small  camera,  about  twenty 
years  ago,  we  have  been  able  to  take  pictures  by  just  snapping 
the  shutter ;  no  focusing  was  necessary,  as  the  lens  was  of  very 
S  °]rt  ocus"  One  could  load  the  camera  with  a  spool  of  film 
and  remove  this  whenever  necessary  in  broad  daylight  elimi¬ 
nating  the  dark  room  entirely.  You  could  then  have  your  films 
developed  by  a  professional  photographer,  at  a  very  small  ex¬ 
pense,  who  would  also  make  the  prints.  Shortly  afterwards,  the 
Eastman  Kodak  Co.  started  to  manufacture  Yelox  paper  which 
could  be  printed  by  gas  or  electric  light. 

There  is  now  hardly  a  home  in  which  we  cannot  find  a 
kodak,  and  it  is  considered  as  a  means  for  pleasure.  There  is 
no  doubt  but  that  these  cameras  have  hurt  the  professional 
p  o  ographer,  especially  the  portrait  photographer.  The  tech- 
meal  photographer,  however,  has  not  suffered  very  much,  es- 
pecially  the  one  who  knows  his  business. 


Photography  is  a  science  and  art,  although  it  may  not  ap¬ 
pear  as  such  It  has  done  more,  I  believe,  for  oar  education 
than  any  other  science.  Just  think  of  the  beautiful  illustra- 
10ns  w  lich  we  find  in  all  our  magazines  and  scientific  books 
hmk  of  what  photography  has  done  for  astronomy,  scientific 
researches  for  the  medical  world,  and  last,  but  not  least,  for  the 
moving  picture  world.  It  is  now  possible  to  study  life  and 
customs  in  foreign  countries  with  the  camera,  and  these  pictures 
ring  before  us  the  scenery  and  architecture  and  the  way  these 
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people  live;  they  show  us  life-like  the  manufacture  of  various 
industries,  etc.  The  well  known  lecturers  appearing  in  our 
city  with  their  interesting  and  highly  educating  travelogues, 
which  are  given  before  capacity  houses,  would  be  entirely  lost 

without  photograph 

Let  us  consider  what  constitutes  technical  photography  and 
for  what  purposes  are  such  photographs  used. 

Technical  photographs  are  taken  of  machinery,  construc¬ 
tion  work,  interiors  and  exteriors  of  buildings,  manufacturers  j 
products  and  astronomical  subjects,  then,  we  have  photo-micro-  I 
graphs,  X-ray  photographs  and  other  specialties  too  numerous  I 

to  mention. 

Each  of  these  branches  require  a  special  study,  and  to  mas-  I 

ter  them  you  must  experiment  until  you  know;  you  cannot  I 

learn  it  by  reading  books.  The  technical  photographer,  in  order 
to  be  successful,  should  have  a  mechanical  mind,  and  if  possible  I 
engineering  experience.  He  must  be  able  to  suggest,  and  if  his  ■ 
suggestions  are  carried  out,  should  shoulder  all  responsibility.  I 
He  should  use  the  very  best  outfit  and  the  best  plates,  chem-  I 
icals  and  paper.  He  must  be  positive  as  to  his  exposures,  so 
that  he  will  not  have  to  take  the  pictures  over  again,  as  many  I 
manufacturers  go  to  a  great  expense  in  order  to  secure  photo-  I 
graphs  of  their  products  and  plants  and,  furthermore,  the  sub-  I 
ject  may  have  been  shipped  right  after  it  was  photographed.  I 

It  may  be  well  to  learn  at  this  point  of  what  a  proper  I 
photographic  outfit  should  consist.  The  camera  should  be  ligid  I 
and  weight  should  not  be  sacrificed  for  strength.  It  should  .. 
have  an  extreme  rising  front  and  swing  back  and  provided  w  ith  I 
long  bellows.  The  best  size  to  use  is  8  by.  10  inches,  and  such  1 
a  camera  should  have  at  least  a  36  inch  bellows.  The  tiipod  I 
should  be  strong  and  rigid. 

The  next  most  important  part  is  the  lens.  There  are  many 
excellent  lenses,  mostly  of  foreign  make,  but  to  advise  you 
which  make  to  use  would  be  quite  difficult.  It  depends  en-  1 
tirelv  on  what  you  are  going  to  use  the  lens  for.  One  lens  will  4 
not  do  for  every  branch  of  technical  photography.  However,  X 
nothing  but  an  “Anastigmat”  lens  should  be  used  and  an 

aperature  of  F  6.8  is  fast  enough. 

What  is  an  anastigmat  lens?  It  is  a  lens  in  which  the 
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astigmatism,  a  detect  inherent  to  all  the  older  form  of  lenses, 
has  been  practically  eliminated.  This  has  been  done  by  using 
the  'va ell  known  Jena  glass,  made  in  Jena,  Germany.  Astigma¬ 
tism  means  without  a  point  ’,  and  as  used  with  reference  to 
the  lens,  may  be  defined  as  the  ability  of  a  lens  to  bring  vertical 
and  horizontal  lines  (such  as  a  plus  sign  boldly  printed  on  a 
white  card)  to  a  focus  at  the  same  time,  although  both  lines 
lie  in  the  same  plane.  It  is  important  that  you  should  under¬ 
stand  this  defect  of  the  ordinary  photographic  lens,  because 
it  is  in  its  correction  or  elimination  that  the  superiority  of  the 
Anastigmat  over  the  older  lenses  is  apparent,  and  also  be¬ 
cause  its  elimination  enables  us  to  secure  sharper  definition  over 
the  whole  image,  a  greater  angle  and  consequently  a  greater 
intensity,  with  flatness  of  field  and  covering  power.  Such  a 

lens  is  pretty  near  perfection  and  it  is  the  only  lens  to  use  in 
technical  photography. 

Before  we  go  any  further,  let  us  examine  the  various  prop¬ 
erties  of  lenses.  You  have  heard  people  speak  about  focal 
length,  aperature,  flatness  of  field,  diaphragm,  etc.  The  focal 
length,  or  focus,  is  the  distance  from  the  ground  glass  to  the 
diaphragm  when  a  subject  100  ft.  or  more  away  from  the  cam¬ 
era  appears  sharp  on  the  ground  glass.  The  aperature  is  the 
diameter  of  the  working  part  of  the  lens  when  fully  opened. 
The  depth  of  focus  is  the  property  possessed  by  a  lens  of  giving 
an  equally  sharp  image  of  objects  situated  at  various  distances 
from  the  camera.  Correctly  speaking,  however,  depth  of  focus 
is  not  a  property  peculiar  to  any  particular  form  of  lens,  but 
to  a  combination  of  lenses.  A  lens  working  at  full  aperature 
without  being  stopped  down  will  hardly  produce  sharp  ob¬ 
jects  when  the  objects  are  at  a  distance  from  the  camera.  By 
stopping  down,  however,  considerably  more  depth  is  secured, 
but  the  illumination  is  sacrificed  and  consequently  the  rapidity. 

Of  two  lenses  of  the  same  intensity  (rapidity),  but  differ¬ 
ing  in  focal  length,  the  lens  of  shorter  focus  will  give  the  greater 
depth  of  definition.  Of  two  lenses  of  identical  focal  length, 
but  one  having  greater  intensity  than  the  other,  the  more  rapid 
lens  will  apparently  have  less  depth  of  focus,  but  when  this  lens 
is  stopped  down  by  the  use  of  a  diaphragm  to  the  same  rapidity 
as  the  slower  lens,  the  two  lenses  will  have  the  same  depth  of 
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focus.  In  other  words,  depth  of  focus  with  any  given  stop  is  an 
invariable  quality  in  different  lenses  of  the  same  focal  length, 

regardless  of  their  construction. 

The  diaphragm,  or  stop,  plays  quite  an  important  part  in 
the  use  of  lenses.  It  consists  of  a  piece  of  blackened  metal, 
with  a  circular  aperature  at  the  center,  which  is  placed  before 
the  lens  if  it  is  a  single  lens,  and  between  the  two  elements  if 
it  is  a  doublet.  An  iris  diaphragm  consists  of  several  segments 
of  a  circle  of  metal  or  vulcanite,  working  on  pivots  attached  to 
a  ring  in  the  lens  mount.  By  rotating  the  ring,  the  circular 
aperture  formed  by  the  segments  may  be  made  smaller  or  larger 
at  will.  The  diaphragm  evens  the  illumination  of  the  plate  and 
increases  the  defining  power  of  the  lens  over  a  large  area  and 
gives  greater  depth.  The  volume  of  light  that  passes  through 
the  diaphragm  is  proportionate  to  the  square  of  the  diameters. 

The  first  maxim  may  be  simply  illustrated.  If  the  area 
of  the  largest  stop  of  a  lens  be  two  square  inches,  it  will  permit 
the  passage  of  twice  the  amount  of  light  of  a  diaphram  whose 
area  is  only  one  square  inch.  Therefore,  to  get  the  same  result, 
the  exposure  with  a  smaller  stop  should  be  double  that  vith 
the  larger  one  and  vice  versa.  The  second  maxim  may  be  il¬ 
lustrated  thus :  Suppose  the  largest  stop  of  a  lens  has  a  diam¬ 
eter  of  two  inches  and  another  stop  of  the  same  lens  a  diam¬ 
eter  of  one  inch.  One  might  assume  that  the  smaller  would 
require  double  the  exposure  of  the  larger  stop ;  but  maxim  one 
says  the  volume  of  light  that  passes  depends  upon  the  area  of  the 
stop  and  not  upon  the  diameter.  So  we  supply  maxim  two; 
that  the  areas  of  circles  are  proportionate  to  the  squares  of  the 
diameters ;  so  that  the  area  of  the  larger  circle  is  four  times  that 
of  the  smaller  and,  therefore,  passes  four  times  more  light. 

We  have  various  makes  of  diaphragms  which  have  been 
adopted  by  the  various  makers,  but  the  most  popular  ones  are 
the  F- stops  and  the  77.  S.  stops.  For  technical  work  a  lens 
working  at  an  aperature  of  F  6.8  is  fast  enough,  and  enables 
one  to  take  instantaneous  pictures  as  fast  as  a  hundredth  part 
of  a  second.  The  F-  stops  on  the  lens  working  at  F  6.8  full 
aperature,  which  means  full  opening,  are  graduated  as  follows . 
F  6.8,  8,  11.3,  16.  22.6,  32,  45,  and  64.  Using  an  F  16  dia¬ 
phragm  means  that  the  opening  in  the  lens  is  TV  of  its  focal 
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length.  It  is  hard  to  determine  which  is  the  proper  focal 
length  of  a  lens  to  use  for  certain  subjects.  It  is  governed  en¬ 
tirely  by  the  distance  from  the  subject  to  the  lens,  and  this  dis¬ 
tance  only  determines  the  perspective.  Let  me  at  this  point 
impress  you  with  the  fact  that  perspective  does  not  depend  upon 
the  lens  used,  but  is  governed  entirely  by  the  distance  from  the 
subject  to  the  lens  and  nothing  else.  If  you  have  your  camera 
placed,  say,  20  ft.  from  the  subject,  by  using  a  16-inch  focus 
lens  you  secure  an  8-inch  image  on  your  ground  glass.  You 
will  get  a  4-inch  image  of  the  same  subject  by  using  a  lens  of 
half  the  focus,  which  is  8  inches,  but  the  perspective  is  exactly 
the  same  as  the  camera  has  not  been  moved  from  its  original 
location.  If  we  now  move  the  camera  back  so  as  to  obtain  40 
ft,  distance  from  the  subject  instead  of  20  ft.,  but  still  using 
the  same  lens,  we  will  get  a  4-inch  image,  or  half  of  what  we  had 
before,  but  the  perspective  is  different. 

lou  have  heard  people  speaking  of  wide  angle  lenses.  Any 
lens,  that  is  to  say,  an  Anastigmat,  may  be  used  as  a  wide  angle 
lens;  it  depends  entirely  upon  its  focal  length  in  relation  to 

the  plate  for  which  it  is  used.  An  8-inch  focus  lens,  which  is 

generally  furnished  with  a  5  by  7  camera,  will  give  approxi¬ 
mately  50  degrees.  If  used  on  an  8  by  10  plate  it  will  give 

!  about  70  degrees,  and  in  this  latter  case  the  lens  would  be 
called  wide  angle.  For  photographing  tall  buildings  an  ex¬ 
treme  wide  angle  lens  is  generally  used  and  these  lenses  are 
especially  made  for  that  purpose  and  work  at  k  very  small 
aperture.  The  Goerz  people  have  a  lens  working  at  F- 22.  A 
2%  inch  focus  lens  of  this  series  will  cover  an  8  by  10  plate, 
giving  an  angle  of  135  degrees. 

.  There  are  several  different  brands  of  plates  and  the  proper 
plate  should,  of  course,  be  selected  for  its  proper  purpose.  For 
photographing  machinery,  manufacturers’  products  and  build- 
ings,  a. double  coated  plate  only  should  be  used,  as  they  prevent 
halation,  which  you  so  often  have  seen  in  outdoor  views  and 
interiors  in  which  windows  are  shown.  This  halation  is  caused 
by  the  light  passing  through  the  film  and  being  reflected  by  the 
polished  surface  of  the  glass.  A  double  coated  plate  is  first 
coated  with  a  slow  emulsion,  and  after  this  is  dry  a  fast  emul¬ 
sion  is  applied  on  top  of  it.  The  light  rays,  therefore,  are 
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being  arrested  by  the  slow  emulsion  which  has  about  one-fourth 
the  speed  of  the  fast  one,  and  gives  the  plate  considerably  more 
latitude  in  exposure.  Another  great  point  in  favor  of  the 
double  coated  plate  is  its  richness  in  silver,  which  is  a  very  im¬ 
portant  feature,  especially  so  for  a  photographer  who  knows 
how  to  get  the  very  best  results  in  developing.  For  photograph¬ 
ing  scenery,  oil  paintings  and  other  subjects  where  it  is  neces¬ 
sary  to  get  color  value  in  black  and  white,  orthocromatic  plates 
with  the  proper  filters  should  be  used.  Recently,  a  color  sensi¬ 
tive  plate  has  been  introduced  by  an  English  firm,  and  it  is 
without  doubt  the  most  wonderful  plate  in  the  market  for  ren¬ 
dering  direct  color  values.  I  shall  later  show  lantern  slides 
which  will  illustrate  their  wonderful  properties. 

For  X-ray  photography,  a  special  plate  is  manufactured; 
for  copying  work  a  slow  plate  should  be  used ;  for  instantaneous 
photography  the  high  speed  plate  is  the  only  thing  to  use.  One 
of  the  most  important  factors  in  successful  technical  photo¬ 
graphy  is  the  developing.  You  will  be  surprised  to  learn  that 
many  photographers  cannot  develop  their  plates  and  a  great 
number  of  exposures  are  completely  ruined  by  incorrect  de¬ 
veloping.  A  good  reason  for  this  is  the  fact  that  the  av erage 
photographer  hurries  to  get  his  plate  developed  and  you  cannot 
hurry  developing;  it  must  be  done  gradually,  watched  very  care¬ 
fully  ;  in  fact,  the  plate  must  be  built  up  in  developing  it.  The 
majority  of  plates  are  developed  with  too  much  contrast  and 
the  high  lights  and  the  details  are  completely  clogged,  so  that 
it  is  impossible  to  secure  a  good  print.  Furthermore,  the  aver¬ 
age  technical  photographer  does  not  use  double  coated  plates 
because  they  are  more  expensive,  more  difficult  to  devolop,  and 
the  time  consumed  in  developing,  fixing,  washing,  etc.,  is  twice 
as  much  as  single  coated  plates.  After  the  plate  is  developed, 
it  should  be  fixed  sufficiently  and  washed  in  running  water  for 
at  least  one-half  hour ;  after  that  it  should  be  set  up  to  dry. 

The  next  step  is  the  printing.  There  are  various  brands  of 
paper  made  by  several  manufacturers,  each  paper  being  made 
in  several  grades  so  as  to  suit  the  quality  of  the  negative.  Most 
all  of  the  papers  used  for  technical  work  are  gas  light  papers, 
and  they  can  be  had  with  different  surfaces,  from  a  high  gloss 
to  a  dead  finish. 
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To  tell  you  how  to  take  technical  photographs  would  lie  out 
of  the  question,  as  each  subject  must  be  treated  differently,  and 
it  would  not  be  possible  for  me  to  explain  to  you  in  a  few 
minutes  what  it  has  taken  me  fourteen  years  to  learn.  It  may 
however,  interest  you  to  know  how  to  take  photographs  of  ma¬ 
chinery,  and  1  shall  explain  it  to  you.  Suppose  we  have  to 
photograph  a  machine  in  a  manufacturers’  plant  and  it  is  pos- 
sible  to  move  it.  The  first  thing  we  do  is  to  secure  the  correct 
illumination;  the  vital  part  of  the  machine  should,  of  course,  be 
m  the  strongest  light.  In  this  case  we  will  assume  it  is  the  front 
part.  The  view  to  be  taken  is  to  be  a  %,  which  means  that  we 
are  to  see  about  3^  0f  the  front  and  14  of  the  side.  The  side,  or 
it  may  he  the  end  of  the  machine,  will,  of  course,  be  in  the 
shade.  In  other  words,  less  illuminated.  Still,  all  the  details 
should  be  absolutely  distinct  in  the  picture.  This  can  be  done 
by  using  white  muslin  as  a  reflector,  but  care  should  be  taken 
so  as  to  illuminate  this  part  of  the  machine  properly.  A  large 
screen  should  be  put  up  in  back  of  the  machine  so  that  all 
details  are  clear  and  defined,  and  none  of  the  shop’s  surround- 

cases,  important  that 

the  bottom  of  the  machine  stands  out  distinctly  from  the  shop 
floor,  m  which  case  it  is  necessary  to  lay  white  paper  around 
the  bottom.  The  machine  should  be  painted  a  deep  gray  color 
but  this  applies  only  to  the  unfinished  part.  The  polished  or 
finished  parts  should  appear  as  such  and  110  paint  of  any  kind 
should  be  applied  to  these,  because  the  finished  photograph 

should  convey  to  your  mind  a  picture  of  this  machine  as  it 

looks. 


The  next  thing  to  determine  is  the  distance  of  the  camera 
from  the  subject  and  the  elevation  of  the  lens  from  the  floor. 
This  distance  is,  of  course,  governed  bv  the  size  of  the  building 
and  machinery  under  construction  may  interfere  with  setting 
the  camera.  Let  us  assume  that  the  machine  is  10  ft.  long.  We 
should  then  use  a  24  inch  lens  so  as  to  get  the  proper  per¬ 
spective.  In  using  this  lens  we  need  a  distance  of  about  30  ft. 
and  we  will  secure  a  picture  9  inches  long  on  an  8  by  10  plate. 
The  elevation  of  the  lens  from  the  floor  should  be  such  as  to 
enable  you  to  look  down  at  the  machine.  How  much  it  is  im¬ 
possible  to  determine,  as  it  depends  entirely  upon  important 
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mechanical  features  which  may  be  located  on  the  top.  If  the 
camera  has  to  be  placed  on  a  platform  in  order  to  look  down  on 
the  machine  it  will  be  necessary  to  tilt  it,  but  in  doing  so  we 
cease  to  have  the  vertical  lines  of  the  machine  running  parallel 
to  each  other.  It  is,  therefore,  necessary  to  use  the  rising  front 
and  swing  back  and  the  latter  must  be  absolutely  plumb,  which 
can  be  easily  determined  by  the  use  of  a  level.  By  using  this 
swing  back,  we  will,  by  looking  at  the  ground  glass,  learn  that  a 
greater  part  of  the  picture  has  ceased  to  be  sharp.  It  is, 
therefore,  necessary  to  stop  the  lens  down  with  the  diaphragm 
until  the  image  reaches  such  a  point  that  all  the  details  of  the 
machine  appear  sharp  on  the  ground  glass.  We  then  cap  the 
lens,  insert  the  plate  and  make  the  exposure.  If  there  is  any 
vibration  in  the  shop  which  is  caused  by  moving  machinery,  the 
machines  should  be  stopped  as  it  is  impossible  to  secure  sharp 
definition  if  the  camera  or  the  subject  is  vibrating. 

Technical  photographs  are  made  for  three  purposes: 
Records,  advertising  and  selling.  It  may  be  well  to  dwell  a  few 
minutes  upon  the  advertising  and  selling  value  of  technical 
photographs. 

Less  than  a  score  of  years  ago  the  pictures  used  for  illustra¬ 
tions  in  books,  magazines  and  trade  papers  were  either  wood 
cuts  or  zinc  etchings  in  line  from  pen  and  ink  drawings.  Com¬ 
pared  with  the  illustrations  of  today,  these  were  necessarily 
crude,  heavy  and  inartistic  in  effect.  The  really  worthy  wood 
engraving  was,  of  course,  too  expensive  for  general  use;  the 
zinc  line  cuts  were,  in  turn,  dependent  for  their  attractiveness 
on  the  skill  of  the  commercial  pen  artist  employed  by  the  en¬ 
graver.  As  a  result,  it  was  generally  lacking  in  the  finer  pic¬ 
torial  qualities  of  the  good  pen  and  ink  sketch.  The  great 
difference  between  the  old  illustrations  and  those  of  today  is 
due,  first,  to  the  widespread  use  of  photography  as  a  method  of 
illustration  and  second,  to  the  perfection  of  the  half  tone  en¬ 
graving  process  and  the  modern  printing  press.  By  combining 
these  we  are  now  able  to  use  illustrations  possessing  all  the 
beauty  of  the  wood  engraving  plus  the  life  and  actuality  of  the 
photograph.  To  such  a  degree  of  perfection  has  this  use  of 
photography  been  pushed  that  the  advertising  pages  of  our 
magazines  fairly  rival  the  reading  pages  in  interest  and  pic- 
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torial  attractiveness.  Still  more,  the  usefulness  of  photography 
in  the  illustration  ot  advertising  matter  is  now  so  widely  ap¬ 
preciated  that  the  photograph  enters  into  every  well  consid¬ 
ered  scheme  of  publicity,  either  to  draw  attention  to  the  read¬ 
ing  matter  or  to  demonstrate  the  desirability,  advantages  or 
actual  use  of  the  article  advertised. 

It  is  essential  that  the  photograph  shall  have  that  quality 
which  will  compel  attention  and  help  to  create  a  demand  for  the 
goods  advertised  by  showing  their  advantages,  uses  or  attractive¬ 
ness.  Just  as  the  illustration  is  used  to  round  out  and  add 
interest  to  the  story,  so  in  advertising,  the  illustration  must 
round  out  the  argument  of  the  advertiser,  showing  the  reader 
how  and  why,  riveting  his  attention  to  the  thing  advertised  and 
adding  to  its  interest.  The  closer  the  connection  between  the 
illustration  and  the  article  advertised,  so  much  the  more  help¬ 
ful  is  the  illustration  and  the  more  valuable  to  the  manufacturer 
concerned.  Pictures,  not  records,  are  sought  by  the  advertiser, 
and  the  more  attractive  the  picture,  the  greater  its  value  from 
the  advertiser’s  standpoint. 

Advertising  is  really  a  department  of  literature  and  art, 
and  the  same  elements  that  cause  a  book  to  be  read  and  talked 
about  will  cause  an  advertisement  to  be  read  and  talked  about. 
Of  all  the  books  that  are  written  in  a  year  and  the  pictures 
that  are  printed  in  the  magazines  and  trade  papers,  very  few 
remain  with  us.  It  is  just  so  with  advertising.  How  much  of 
the  great  mass  of  stuff  written  and  printed  is  really  worthy? 
And  how  many  of  the  pictures  appeal  to  us  so  strongly  that  we 
can  remember  them  for  any  length  of  time? 

The  spirit  of  a  company  should  be  represented  by  its  adver¬ 
tisements  and  advertising  literature,  for  the  public  is  inclined 
to  judge  the  advertiser  from  this  viewpoint ;  and  yet  how  much 
of  the  advertising  sent  out  is  inadequate  both  in  conception  and 
execution;  and,  to  make  it  still  worse,  poor  illustrations  often 
mar  rather  than  improve  the  reading  matter.  Phis  can  be  seen 
on  every  hand  in  magazines  and  catalogues.  The  idea  is  good 
and  perhaps  an  illustration  or  two,  but  the  greater  part  of  the 
work  is  bad  and  deters  rather  than  enhances  the  sale  of  the 
advertised  goods. 

Recently  there  has  been  perfected  a  machine  by  the  aid  of 
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which  it  is  possible  to  make  photographs  in  reduced  or  enlarged 
scale  from  blue  prints,  drawings,  maps,  book  pages,  etc.,  direct 
on  photographic  paper  without  the  use  of  negatives.  You  will 
readily  see  the  advantage  of  using  such  prints  instead  of  taking 
a  number  of  large  blue  prints  with  you.  You  can  have  them 
reduced  to  11  by  14  in.  and  one  hundred  of  these  prints  would 
make  a  book  about  one  inch  thick.  It  is  also  possible  with  this 
machine  to  photograph  pencil  drawings  and  pencil  tracings. 
Another  feature  of  this  machine  is  the  possibility  of  enlarging 
maps  irrespective  of  color  values.  I  have  made  magnifications 
of  typographical  maps  1  to  20.  This  process  eliminates  the  use 
of  the  pantograph  entirely.  The  copies  are  exact  and,  as  in  all 
other  work  done  on  this  machine,  checking  is  entirely  eliminated. 
The  paper  used  can  be  folded  without  breaking,  which  is  not  the 
case  with  other  photographic  paper.  I  shall  later  show  a  pic¬ 
ture  of  this  machine  and  illustrate  its  working  operations. 

In  conclusion,  it  may  interest  you  to  hear  a  few  words  in 
reference  to  color  photography,  by  which  I  mean  photography 
in  natural  colors.  The  Paget  Process,  which  1  am  using,  may 
be  illustrated  as  follows:  Take  a  transparent  glass  plate  and 
rule  one  of  its  surfaces  into  rectangles  one-eighth  inch  square; 
then  with  a  fine  brush  and  transparent  aniline  dyes  of  the  three 
primary  colors,  fill  in  the  rectangles,  coloring  them  in  order, 
red,  green,  blue,  red,  green,  blue,  etc.,  until  the  entire  surface 

is  a  complete  mosaic  pattern. 

Now  take  a  panchromatic  negative  plate  and  assemble  the 
two  with  the  emulsion  side  of  the  panchromatic  plate  in  close 
contact  with  the  colored  surface  of  the  mosaic  color  screen. 
Place  them  in  a  plate  holder  with  the  glass  side  of  the  mosaic 
screen  facing  out  so  that  when  the  plate  holder  is  in  the  camera 
the  light  traverses  the  mosaic  screen  before  it  reaches  the  pan¬ 
chromatic  emulsion.  Put  a  yellow  filter  in  position  before  the 

camera  lens  and  expose. 

The  exposure  will  probably  be  from  twenty-five  to  one 
hundred  times  that  of  the  ordinary  plate,  varying,  of  course, 
with  the  dyes  used,  the  speed  of  the  yellow  filter  and  the  speed 

of  the  panchromatic  emulsion. 

Separate  the  mosaic  screen  and  the  panchromatic  plate  and 
develop  the  latter  by  a  yellow  green  light  in  a  soft  working 
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developer.  Fix  and  wash  and  when  dry,  make  a  positive  by 
contact  on  a  slow  working  plate.  Fix  and  wash  and  when  dry 
adjust  in  contact  with  the  original  mosaic  screen  until  the 
proper  coloring  of  the  picture  is  obtained,  when  you  will  have 
transparency  in  natural  colors. 

Let  us  see  what  has  happened.  During  exposure  the  yellow 
filter  operated  to  cut  out  the  ultra  violet  rays  and  to  subdue 
the  blue  rays  in  the  image.  Falling  on  the  mosaic  screen,  there¬ 
fore,  was  a  colored  image  of  the  object  corrected  for  ultra  violet 
and  blue.  The  mosaic  screen  being  transparent,  in  turn  allowed 
the  light  forming  the  image  to  proceed  through  and  fall  upon 
the  panchromatic  emulsion,  practically  unchanged,  except  that 
of  its  color,  so  in  the  red  part  of  the  image  the  emulsion  was 
only  reached  and  acted  upon  by  light  passing  through  the  red 
windows.  In  the  green  part  of  the  image  the  emulsion  was 
only  reached  and  acted  upon  by  light  passing  through  the  green 
windows,  and  in  the  blue  part  of  the  image  the  emulsion  was 

only  reached  and  acted  upon  by  light  passing  through  the  blue 
windows. 


Wherever  the  light  passed  through  a  window,  the  silver  in 
the  emulsion  was  altered  and  in  developing  became  more  or 
less  opaque,  depending  upon  the  amount  of  light  action.  On 
the  other  hand,  in  the  red  part  of  the  image  no  light  passed 
through  the  green  and  blue  windows ;  in  the  green  none  passed 
through  the  red  and  blue;  in  the  blue  none  passed  through  the 
red  and  green.  In  developing,  therefore,  these  parts  became 
transparent.  A  negative  was  thus  obtained  made  up  of  black, 
grey  and  transparent  rectangles  so  arranged  as  to  form  an 
image  of  the  object. 

Upon  reversing  the  negative  by  making  a  contact  positive, 
an  image  of  the  object  was  obtained,  made  up  of  transparent,’ 
grey  and  black  rectangles,  respectively.  Upon  adjusting  this 
positive  over  the  mosaic  and  looking  through  the  two  by  trans¬ 
mitted  light,  we  saw  the  image  of  the  object  supplemented  in 

the  transparent  portions  by  the  color  or  colors  transmitted  bv 
the  mosaic  windows. 


By  following  the  above  explanation  through  carefully,  it 
will  be  noted  that  the  transparent  portions  come  only  where 
ght  of  the  color  of  that  part  of  the  object  corresponds  to  the 
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color  of  the  window  of  the  screen  through  which  it  originally 
passed,  thus  giving  us  a  representation  of  the  object  in  its 

natural  color.  . 

Thus  far  color  photography  has  not  been  of  any  commercial 

value  excepting  in  a  few  instances.  I  would  like  you  to  see 
three  hand  colored  bromide  enlargements  which  I  brought  with 
me  for  the  purpose  of  showing  you  how  this  process  could  be 
commercialized.  The  artist  who  colored  these  pictures  used  as 
a  guide  my  original  3%  by  4%  panchromatic  plates  which 

gave  him  all  the  color  values. 
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THOMAS  HUMRICKHOUSE  JOHNSON. 

Elected  Member  January  1888. 

Director  1891-1892. 

Vice  President  1893-1894. 

President  1895. 

Honorary  Member  March  1904. 

Died  April  6,  1914  at  Pittsburgh,  Pa. 

Amonsr  the  many  eminent  engineers  who  have  honored  the  Society 
with  membership  and  official  services,  and  have  taken  a  large  part  in 
the  development  of  the  profession  in  Western  Pennsylvania,  very  few 
indeed  hold  as  high  a  place  as  Thomas  H.  Johnson. 

Born  at  Coshocton,  Ohio,  January  12,  1841,  of  parents  whose 
ancestry  indicates  those  physical,  mental  and  moral  qualifications  which 
produce  individuals  of  high  character  and  great  capacity  for  useful 
work,  he  was  fortunate  in  obtaining  a  thorough  education  before  be- 

ginning  his  life  work.  a  ±  u 

His  father,  William  Kerr  Johnson,  of  sturdy,  Protestant,  k.cotch- 

Irish  stock,  was  a  native  of  Dungannon,  County  Tyrone,  Ireland. 
Born  in  1809  and  coming  to  Coshocton  in  1821,  he  became  a  promi¬ 
nent  business  man  in  that  community,  occupying  among  other  important 
positions  that  of  organizing  director  of  the.  Steubenville  &  Indiana 
Railway,  later  a  part  of  the  Pennsylvania  Lines  West  of  Pittsburgh. 

The  mother  of  Thomas  H.  Johnson  was  born  Elizabeth  Humnck- 
house,  descendant  of  a  family  which  emigrated  early  in  the  Eighteenth 
Century  from  the  Duchy  of  Hesse  Darmstadt,  Middle  Rhine  \  alley, 
Prussia,  and  settled  in  Eastern  Pennsylvania  and  Maryland.  Mem¬ 
bers  of  this  family  served  in  the  Continental  Armies,  and  later  ,  in 
State  and  National  Legislative  bodies,  and  the  name  stood  for  high 
character,  intelligence  and  thrift  in  the  communities  in  which  it  was 

Thomas  H.  Johnson  was  prepared  for  entrance  to  Jefferson  Col¬ 
lege  in  1858  by  the  Rev.  William  E.  Hunt,  pastor  of  the  Presbyterian 
Church  at  Coshocton,  and  graduated  as  Bachelor  of  Arts  in  1861. 
The  College  conferred  on  him  the  degree  of  Master  of  Arts  in  1866, 
and  in  1911  he  received  the  degree  of  Doctor  of  Science  from  Wash¬ 
ington  and  Jefferson  University,  the  successor  of  Jefferson  College. 

He  began  his  life  work  as  rodman  in  the  engineering  corps  of 
the  Pittsburgh  and  Steubenville  Railroad  in  1861.  Two  years  later 
he  was  assistant  engineer  on  the  construction  of  the  Steubenville  bridge 
across  the  Ohio.  From  1867  to  1869  he  was  engaged  as  assistant 
engineer,  in  general  work  for  the  Pittsburgh,  Cincinnati  &  Chicago 
Railway;  from  1869  to  1871  in  the  construction  of  the  .Chartiers  Rail¬ 
way,  now  the  Chartiers  Branch  of  the  Pennsylvania  Lines.  In  1871, 
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after  the  completion  of  the  Chartiers  Railway,  he  was  transferred  to 
Richmond,  Indiana,  and  was  there  engaged  in  the  erection  of  the 
Richmond  passenger  station  until  May  31,  1872.  From  May,  1872, 
to  March  1,  1873,  he  served  the  company  in  the  general  work  along 
its  lines;  and  on  March  1,  1873,  began  the  erection  of  the  station  at 
Columbus,  Ohio.  Upon  the  completion  of  this  work  in  March.  1875, 
he  was  again  transferred  to  Indiana  and  throughout  that  year  was 
in  charge  of  the  construction  of  the  Vincennes  Engine  House  and  the 
Richmond  Shops. 

In  the  latter  part  of  1875  he  severed  his  connection  with  the 
railroad  and  opened  an  architect’s  office  in  Columbus,  Ohio,  and  there¬ 
after  until  March,  1883,  was  engaged  as  chief  engineer  in  the  con¬ 
struction  of  the  present  State  Capitol  at  Indianapolis,  Indiana. 

In  1883  he  again  entered  the  service  of  the  Pittsburgh,  Cincinnati, 
Chicago  &  St.  Louis  Railway  as  Principal  Assistant  Engineer,  a  posi¬ 
tion  which  he  occupied  until  1896,  when,  upon  the  death  of  M.  J. 
Becker,  he  succeeded  to  the  position  of  Chief  Engineer  of  the  South¬ 
west  System.  In  1901  he  became  Consulting  Engineer  for  all  the 
Lines  V  est  of  Pittsburgh,  a  position  which  he  held  until  Jaunary, 
1911,  when  he  reached  the  age  of  automatic  retirement. 

At  the  time  of  his  death  he  was  (  hief  Engineer  of  the  Pittsburgh 
Chartiers  &  Youghiogheny  Railroad,  Chief  Engineer  of  the  Chartiers 
Southern  Railway  Company,  and  Special  Consultant  for  the  Penn¬ 
sylvania  Lines. 

During  a  long  and  active  life  as  a  constructing  engineer  Mr. 
Johnson  gave  faithful  service  to  his  clients,  as  clearly  appears  from 
the  weight  of  responsibilities  increasingly  placed  upon  him.  In  a 
laiger  way  than  lay  within  the  power  of  many  equally  faithful,  he 
was  able  to  use  his  rare  qualities  of  mind  and  the  results  of  his 
thorough  scholastic  training  for  the  collection  of  exact  information, 
the  analysis  of  new  conditions,  and  the  solution  of  many  problems  of 
great  importance  in  his  work. 

So  great  was  his  natural  modesty  that  he  did  not  appreciate  the 
importance  of  these  contributions  to  engineering  knowledge,  and  made 
no  effort  to  display  them  before  his  professional  brethren.  His  friends 
prevailed  on  him  to  publicly  record  his  experiments  on  the  “Stren</th 
of  Columns ”  and  on  “Tunnel  Ventilation ”,  but  the  greater  part  of  his 
engineering  attainments  is  to  be  found  only  in  the  records  of  his  daily 
work  and  in  the  structures  he  built. 

Mr.  Johnson  became  a  member  of  the  Engineers’  Society  of  West¬ 
ern  Pennsy h  ania  in  January,  1888,  and  at  once  took  such  active  part 
in  its  affairs  as  to  become  a  Director  in  1891  and  President  in  1895. 
The  influence  of  his  thorough  work  and  wise  counsel,  as  a  member 
and  officer,  worked  for  great  good  to  the  then  struggling  organization, 
and  had  much  to  do  with  its  great  development  in  recent  years.  It  is 
impossible  to  record  in  this  space  the  many  things  he  did."  at  just  the 
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right  time  and  in  just  the  right  way,  to  preserve  the  high  ideals, 
increase  the  usefulness,  and  strengthen  the  influence  of  the  Society. 

He  attended  many  scientific  bodies  as  representative  of  .the  So¬ 
ciety,  and  therein  exhibited  those  qualities  of  friendliness,  cool-headed¬ 
ness,’  and  wisdom,  which  distinguished  him  in  all  his  many  activities. 
As  the  Societv  grew  in  strength  and  multiplied  its  activities  and  re¬ 
lationships,  Thomas  H.  Johnson  became  one  of  the  few  toward  whom 
everyone  looked  in  time  of  stress  and  uncertainty,  or  when  something 
unusual  had  to  be  considered,  or  a  new  path  blazed  out.  The  officers 
who  carried  the  responsibility  of  Society  management  durng  the  past 
twenty  years  all  feel  grateful  indeed  to  him  for  his  aid  and  comfort, 
loyal  support  and  gentle  admonition,  whenever  needed. 

In  March,  1904,  Thomas  H.  Johnson  was  unanimously  elected  an 
Honorary  Member  of  the  Engineers’  Society  of  Western  Pennsylvania 
in  recognition  of  the  esteem  of  the  members  for  his  achievements  as 
an  engineer,  and  his  long  and  useful  service  to  the  Society.  Until 
within  a  few  days  of  his  death  he  continued  an  active  member  of  the 
Society,  and  his  kindly  presence  was  familiar  to  all  who  attended  the 

various  meetings. 

Mr.  Johnson  was  a  member  of  many  other  organizations,  some  of 
which  are  as  follows:  American  Society  of  Civil  Engineers,  The  Amei- 
ican  Institute  of  Consulting  Engineers,  the  American  Railway  En¬ 
gineering  Association,  American  Association  for  the  Advancement  of 
Science,  American  Society  for  Testing  Materials,  The  American  Geo¬ 
graphical  Society  of  New  York,  American  Forestry  Association,  Amer¬ 
ican  Association  for  International  Conciliation,  The  Pennsylvania 
Forestry  Association  (being  a  member  of  its  Council  for  some  years), 
Pittsburgh  Testing  Laboratory,  Pittsburgh  Alumni  Association  of  Phi 
Kappa  Psi  Fraternity,  Technischer  Verein  of  Pittsburgh,  The  Veteran 
Employees  Association,  Washington  &  Jefferson  Alumni  Association 
of  Western  Pennsylvania,  Royal  Societies  Club,  of  London,  Royal 
Societv  of  Arts,  of  London,  Royal  Metrological  Society,  of  London. 

The  death  of  Mr.  Johnson  brought  a  great  loss  to  the  engineering 
profession,  and  particularly  to  the  Engineers’  Society.  Many  tributes 
were  made  by  members  and  life  long  friends,  among  them  the  fol¬ 
lowing  : 

“His  mind  was  such  a  store  of  knowledge,  both  scientific  and 
practical,  his  character  so  high,  and  his  manner  so  simple  and  sinceie, 
that  his  professional  brethren  and  subordinates,  and  all  with  whom 
he  came  in  contact,  were  alike  amazed  at  his  wisdom  and  uplifted 
by  his  personality,  and  cheered  by  his  kindliness.” 

“His  chief  characteristics  were,  I  think,  simplicity,  single-minded¬ 
ness,  sincerity,  consideration,  kindliness  and  charity,  coupled  with  a 
singularly  sweet  disposition,  making  him,  indeed,  a  lovable  companion. 
His  vast  fund  of  well-ordered  knowledge  was  always  at  anyone’s  com¬ 
mand,  and  the  vounger  man  went  to  him  for  advice,  counsel,  and  help 
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as  freely  as  a  child  to  its  father.  In  contact  with  his  associates,  in 
private  discussion,  or  in  committee  work,  Mr.  Johnson’s  gracious  per¬ 
sonality  was  always  in  evidence,  and  even  when  he  opposed  you.  he 

did  so  in  a  courteous  and  kindly  way,  and  entirely  free  from  offensive 
personalities. 

"John  Henry  Newman  in  his  essay  on  ‘The  Idea  of  a  University’ 

gave  a  definition  of  a  gentleman  which  so  aptly  applies  to  Mr.  Johnson 
that  1  quote  it: 

Se"C *  ^  1S  that  11  1S  alraosfc  the  definition  of  a  gentleman  to 
say  that  he  is  one  who  never  inflicts  pain.  He  is  mainly  occupied  in 
merely  removing  the  obstacles  which  hinder  the  free  and  unembar¬ 
rassed  action  of  those  about  him.  and  he  concurs  with  their  movements, 
rather  than  take  the  initiative  himself.  ***** 

The  true  gentleman,  in  like  manner,  carefully  avoids  whatever 
may  cause  a  jar  or  a  jolt  in  the  minds  of  those  with  whom  he  is  cast- 
all  clashing  of  opinion,  or  collision  of  feeling,  all  restraint  or  sus¬ 
picion,  or  gloom,  or  resentment,  his  great  concern  being  to  make  every¬ 
one  at  their  ease  and  at  home.  He  has  eyes  on  all  his  company;  he  is 
tender  toward  the  bashful,  gentle  toward  the  distant,  and  merciful 
toward  the  absurd;  he  guards  against  unseasonable  allusions,  or  topics 
which  may  irritate;  he  is  seldom  prominent  in  conversation  and  never 
wearisome.  He  makes  light  of  favors  while  he  does  them,  and  seems 
to  be  receiving  when  he  is  conferring.  He  never  speaks  of  himself 
except  when  compelled;  never  defends  himself  by  a  mere  retort:  he 
has  no  care  for  slander  or  gossip;  is  scrupulous  in  imputing  motives 
to  those  who  interfere  with  him,  and  interprets  everything  for  the 
best.  He  is  never  mean  or  little  in  his  disputes,  never  takes  unfair 
advantage,  never  mistakes  personalities  or  sharp  sayings  for  argu¬ 
ments,  or  insinuates  evil  which  he  does  not  say  out.  ***** 

“  ‘He  is  patient,  forbearing  and  resigned,  on  philosophical  prin¬ 
ciples;  he  submits  to  pain,  because  it  is  inevitable;  to  bereavement, 
because  it  is  irreparable ;  and  to  death,  because  it  is  his  destiny/ 

Such  a  man  was  Thomas  H.  Johnson.” 

Committeej  JH0MA*  I?0™’ 

(  Samuel  E.  Duff. 


RALPH  ALBREE 
Allegheny,  Pa.,  Oct.  17,  1872. 

Pittsburgh,  Pa.,  Feb.  16,  1914. 

Mr.  Albree  spent  his  early  life  in  Allegheny  and  later  graduated 
from  1  ale  University  in  1894.  After  graduation  he  became  a  partner 
“ 1  the  ornamental  iron  business  started  by  his  brother,  Chester  B. 
Albree,  and  later,  when  the  business  was  incorporated,  he  was  made 
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Secretary  and  Treasurer,  which  position  he  held  until  the  time  of  his 

dC,lt  He  was  an  enthusiastic  naturalist,  spending  much  of  his  time  in 
his  garden,  in  Western  Avenue  where  he  lived,  and  often  surprised  his 
many  friends  by  his  intimate  knowledge  of  plant  and  bird  li  e. 

He  took  a  great  interest  in  charities  and  devoted  much  time  and 
energy  to  the  North  Presbyterian  Church,  of  which  he  was  a  trustee. 

He  was  married  to  Anna  Theodora  Wood,  who  with  four  sons 
and  three  daughters,  survives  him,  also  two  brothers,  Chester  B.  Albree 

of  Pittsburgh  and  Fred  Albree  of  Boston. 

He  was  an  active  member  of  the  Engineers’  Society  of  W  estern 
Pennsylvania,  in  which  he  took  great  pride  and  interest  and  also  a 
member  of  the  University  Club,  and  his  death  is  a  distinct  loss  to  the 

community. 


JOHN  WESLEY  BOILEAU. 

Athens  County,  Ohio,  October  27,  1873. 

Pittsburgh,  Pa.,  October  7,  1914. 

His  father  was  George  H.  Boileau  and  his  mother  Hannah  Gib¬ 
bons  His  educational  foundation  was  secured  in  the  public  schools 
of  Morgan  County,  Ohio,  but  for  the  most  part  Mr.  Boileau  s  educa¬ 
tion  was  obtained  by  self  study;  being  a  keen  observer  he  soon  attained 
a  good  working  knowledge  of  economic  geology  and  mining  engineer¬ 
ing  Mr.  Boileau  made  a  special  study  of  the  coal  measures  of  t  e 
Appalachian  Field  and  in  this  line  a  large  part  of  his  success  was 
achieved.  His  maps  and  data  oil  the  coals  of  this  section  hare  been 

given  high  consideration  for  some  years  past.  . 

Mr.  Boileau  some  time  ago  became  associated  with  -  l-  •  • 

Thompson  of  Uniontown,  Pa.,  one  of  the  largest  dealers  in  coal  lands 
in  the  United  States,  and  as  his  representative  prepared  many  repor  s 
on  the  coal  in  Greene  County,  Pa.,  and  parts  of  West  Virginia.  , 
was  during  these  studies  of  Greene  County  conditions  that  Mr.  Boileau  s 
attention  was  directed  to  the  matter  of  freight  rates  in  the  Pittsburgh 
District  as  applied  specifically  to  coal  and  coke  shipped  away  from 
said  district,  and  he  became  the  leader  m  the  action  brought  by  the 
coal  operators  before  the  Interstate  Commerce  Commission,  which 

resulted  in  a  10c  reduction  in  freight  rates.  .  _ 

Mr.  Boileau,  by  his  friendly  and  genial  disposition,  had  secured 
for  himself  a  warm  place  in  the  esteem  of  his  associates  and  his  un¬ 
timely  death  at  the  age  of  only  41  is  greatly  deplored  by  his  friends 

and  co-workers.  ,  , 

He  has  been  a  member  of  this  Society  since  July,  1907,.  and  nas 

taken  a  deep  interest  in  its  welfare.  Consequently  the  Society  feels 
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keenly  its  loss  and  wishes  to  register  its  sorrow  at  the  death  of  Mr. 

Boileau  and  at  the  same  time  to  extend  sympathy  to  the  bereaved 
family  and  friends. 


JOHN  T.  BROWN. 

Philadelphia,  Pa.,  April  17,  1845. 

Pittsburgh,  Pa.,  May  22,  1913. 

He  was  born  in  Philadelphia  of  an  old  Colonial  family.  On  his 
mother’s  side,  Mary  Randolph,  he  was  a  lineal  descendant  of  the 
Randolphs  of  Virginia,  and  through  his  father  he  was  connected  with 
the  \  andergrifts  of  Oyster  Bay. 

He  'vas  Vice  President  and  General  Manager  of  the  Damascus 
Bronze  Co.  of  the  Northside  and  a  veteran  of  the  Civil  War. 

Mr.  Brown  was  a  well-known  metallurgist  and  the  inventor  of 
a  number  of  alloys.  He  was  one  of  the  first  men  to  manufacture 
phosphor  bronze  in  this  country. 

He  had  been  a  resident  of  Pittsburgh  for  18  years  and  was  a 
member  of  the  Episcopal  Church,  the  Engineers’  Society  of  Western 
1  ennsyl vania,  the  Pittsburgh  Railways  Club  and  Elks  and  was  a  life 
member  of  the  Western  Exposition  Society  of  Western  Pennsylvania. 

His  widow,  Mrs.  Elmira  Brown;  three  daughters,  Mrs.  John  M 
Snyder,  of  Hollidaysburg,  Pa.  and  the  Misses  Linda  and  Deborah 
Brown,  and  one  son,  John  T.  Brown,  all  of  Pittsburgh,  survive. 


HARVEY  B.  CHESS,  SR. 

Pittsburgh,  1845. 

Pittsburgh,  1913. 

t  b01T-  011  the  South  Side’  pittsbllrSh-  He  was  a  student 

.ol  the  Western  University  of  Pennsylvania  (now  University  of  Pitts¬ 
burgh),  and  at  the  outbreak  of  the  Civil  War  enlisted  in  Young’s 
Battery  in  which  he  served  throughout  the  war.  He  then  became 
identified  with  the  business  of  his  father,  at  whose  death,  in  1S77  he 
became  a  partner  in  nail  and  tack  manufacturing  business  with’ his 
brothers,  M  alter  and  Henry  Chess.  This  came  to  be  known  as  the 
Consolidated  Expanded  Metal  Co.  in  Braddock,  of  which  Mr.  Chess 
was  \  ice  President  until  bis  retirement  in  1907. 

Mr.  Chess  was  a  machine  designer  and  engineer  of  experience 
a\  nig  spent  more  than  40  years  in  the  study  and  designing  of  special’ 
machinery  for  his  own  lines  of  manufacture. 

Mr  Chess  was  a  member  of  the  Third  Presbyterian  Church  and 
of  the  Engineers’  Society  of  Western  Pennsylvania. 

He  left  a  widow,  Mrs  Annie  Boles  Chess  and  two  sons,  Harvev 
B.  Jr.  and  Phillip  Sheridan  Chess. 
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JOHN  p.  COLLINS. 


Pittsburgh,  May  14,  1870. 

Pittsburgh,  January  21,  1914. 

He  was  educated  in  the  Pittsburgh  Public  Schools  and  graduated 
from  the  Pittsburgh  High  School.  He  was  employed  in  the  Pittsburgh 
Post  Office  from  1887  to  1891,  after  which  he  accepted  a  position  with 
the  Carnegie  Steel  Co.  at  the  Lucy  Furnaces.  He  was  Assistant  Super¬ 
intendent  of  the  Lucy  Furnaces  in  1900  and  later  became  Assistant 
General  Superintendent  of  the  City  Furnaces,  which  position  lie  held 
until  about  a  year  ago  when,  upon  the  retirement  of  James  Scott,  he 
was  promoted  to  the  position  of  General  Superintendent  of  the  Sharps- 

burg  Furnaces. 

As  a  blast  furnace  operator,  Mr.  Collins  made  an  enviable  record, 
beino-  one  of  the  most  successful  men  in  his  line  in  the  country.  He 
was  a  member  of  the  American  Institute  of  Mining  Engineers,  Iron 
&  Steel  Institute,  the  Engineers’  Society  of  Western  Pennsylvania, 
the  Oakmont  Country  Club,  the  Stanton  Heights  Golf  Club,  Pitts¬ 
burgh  Athletic  Association  and  the  Elks.  He  leaves  his  wi  ow,  -  rs. 
Kathryn  Kleppner  Collins  and  three  sisters,  Mrs  Ella  Munns,  Mrs. 
Alice  Bradley  and  Mrs.  Bertha  Bradley,  and  three  brothers,  William, 
Henry  J.  and  David  A.  Collins. 


BARCLAY  M.  EVERSON. 

Pittsburgh,  April  13,  1850. 

Pittsburgh,  March  4,  1914. 

He  was  a  son  of  the  late  Wm.  H.  and  Mary  Harker  Everson, 
and  had  been  connected  with  the  iron  and  steel  business,  his  father 
having  been  one  of  the  pioneer  manufacturers  of  this  section,  lor 
several  years  past  Mr.  Everson  has  been  engaged  in  the  machinery 
business,'  having  offices  in  the  German  National  Bank  Bldg.  In  past 
years  he  had  been  leader  of  a  number  of  different  church  choirs,  among 
them  the  Point  Breeze  Presbyterian  Church  and  the  Second  Presby¬ 
terian  Church  choirs.  Mr.  Everson  had  also  sung  in  the  St  Andrew  s 
Episcopal  Church.  He  was  one  of  the  charter  members  of  the  Art 
Society  and  was  a  member  of  the  Shady  Side  Presbyterian  Church. 

His  widow,  Mrs.  Sarah  Marchand  Everson;  two  children,  Ade¬ 
laide  and  Malcolm  W.  Everson,  and  one  sister,  Mrs  John  C.  Thompson, 
the  latter  of  East  Liverpool,  Ohio,  survive. 
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JOSEPH  FAWELL. 

Sadberge,  England,  May  3,  1855. 

Pittsburgh,  Pa.,  October  2,  1914. 

He  received  bis  early  education  and  training  as  a  mechanical 
engineei  in  England.  In  18<8  he  came  to  this  country  and  a  year 
latei  associated  himself  with  Mackintosh,  Hemphill  &  Co.  (Fort  Pitt 
Foundry )  as  chief  draftsman.  A  short  time  after  he  was  appointed 
chief  engineer.  He  remined  in  that  capacity  until  1902,  when  he  was 
elected  president  of  the  company,  succeeding  X.  A.  Hemphill,  retired, 
which  position  he  filled  until  the  time  of  his  death. 

Mr.  lawell  was  regarded  as  one  of  the  foremost  authorities  on 
rolling  mill  practice  and  probably  was  more  closely  identified  with  the 
progress  of  that  industry’  than  any  other  individual  in  this  country. 
There  are  few  rolling  mills  of  prominence  in  this  country  today  that 

ha\e  not  some  machinery  which  has  been  designed  under  his  super¬ 
vision. 

Mr.  Fawell  was  a  member  of  Calvary’  Protestant  Episcopal  Church. 
He  was  interested  in  numerous  private  philanthropies  and  was  a  mem¬ 
ber  of  several  organizations,  including  the  Duquesne  Club,  Pittsburgh 
Athletic  Association,  Pittsburgh  Country  Club  and  Crescent  Lod^e 
No.  576,  F.  &  A.  M. 

Hrs  widow,  Mrs.  Elizabeth  Fawell;  two  daughters,  Evelyn,  wife 
of  Howard  S.  Evans  of  the  Macbeth-Evans  Glass  Co.  and  Laura,  wife 
of  Bernard  W.  Lewis  of  Moore,  Leonard  &  Lewis;  and  one  son,  Joseph 
E.  Fawell  of  Mackintosh  Hemphill  &  Co.,  together  with  one  brother 
and  two  sisters  in  England,  survive. 


MURRAY  FORBES. 

Philadelphia,  Pa.,  June  23,  1863. 

Greensburg,  Pa.,  December  28,  1913. 

His  fathei,  Dr.  W  illiam  S.  1  orbes,  was  Protessor  of  Surtjerv  at 

Jefferson  Medical  College.  His  mother,  Celinere  (Sims)  Forbes,  was 

a  sister  of  J.  C.  Sims,  Secretary  of  the  Pennsylvania  IL  R.  Co!  and 

Judge  Clifford  Sims  of  the  Superior  Court  of  New  Jersey. 

•/ 

Mr.  Forbes  received  his  early  education  at  Rugby  Academy  and 
at  Dr.  Parries’  School  in  Philadelphia  and  entered  the  Art  School  of 
the  l  niversity  of  Pennsylvania  at  the  age  of  fourteen.  When  he 
was  seventeen  he  entered  the  Pennsylvania  R.  R.  shops  at  Altoona, 
Pa.,  where  he  took  the  regular  four  years’  apprenticeship  course.  He 
was  then  employed  in  the  shops  for  some  months,  being  afterwards 
transferred  to  Derry,  Pa.,  where  for  four  years  he  was  Assistant  Road 
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Foreman  of  Engines  on  the  Pittsburgh  Division  of  the  Pennsylvania 

R.  R.  -  , 

He  resigned  this  position  in  188S  and  went  to  Greensburg,  Pa., 

where  he  took  charge  of  the  construction  of  the  plant  of  the  West¬ 
moreland  Water  Co.  and  continued  as  executive  head  of  this  corpo¬ 
ration  until  his  death.  Under  his  direction  the  plant  was  extended 
and,  with  allied  corporations,  served  the  communities  along  the  Main 
Line  of  the  Pennsylvania  R.  R.  west  from  Greensburg  to  Irwin,  and 
south  along  the  Southwest  Branch  as  far  as  Youngwood.  A  total,  of 
50  000  people  were  supplied,  in  addition  to  large  industrial  and  mining 
plants,  by  the  companies  in  which  he  was  guiding  spirit,  and  this,  too, 
in  a  section  where,  because  of  the  broken  topography  and  the  dump¬ 
ing  of  mine  drainage  into  the  streams,  the  operating  conditions  are 

exceedingly  difficult  and  expensive. 

j\H*.  Forbes  was  a  recognized  authority  in  matters  pertaining  to 
water-works  construction,  operation  and  valuation.  He  was  employed 
in  a  number  of  water-works  cases,  either  as  an  expert  witness  or  as  a 
member  of  boards  of  arbitration.  He  assisted  in  organizing  the  Penn¬ 
sylvania  Water  Works.  Association  and  served  for  three  years  as  its 
president.  He  was  also  a  member  of  the  American  Water  Works 
Association,  the  New  England  Water  Works  Association,  the  En¬ 
gineers’  Society  of  Western  Pennsylvania,  the  American  Society  of 
Mechanical  Engineers,  and  the  Union  League  Club  of  Philadelphia. 
He  was  a  Mason  and  a  member  of  the  Protestant  Episcopal  Church. 

In  1893  Mr.  Forbes  was  married  to  Miss  Ethel  Parvin,  of  Phila¬ 
delphia,  who  with  five  children,  survives  him. 


EMIL  GERBER. 

Reishenbach,  Saxony,  January  31,  1858. 

Pittsburgh,  Pa.,  April  1,  1914. 

His  father,  C.  F.  Gerber,  was  born  in  1819  and  died  in  1899.  He 
was  a  designer  and  manufacturer  of  textile  fabrics  and  introduced  the 
use  of  power  looms  in  his  native  town.  His  mother  s  maiden  name 
was  Christliebe  Klotz,  daughter  of  Carl  Klotz.  His  ancestors  for 
several  hundred  years  were  residents  and  prominent  citizens  of  Reichen- 
bach,  Saxony.  His  father  came  to  the  United  States  in  18G2  and 
settled  in  Webster,  Mass.,  and  in  1867  his  mother  came  to  Webster, 
bringing  Emil  and  his  two  brothers,  Herman  and  Call. 

He  was  educated  in  the  common  schools  of  Webster,  Mass.,  and 
the  Stevens  High  School,  at  Claremont,  N.  H.  In  the  fall  of  1873 
he  entered  the  Worcester  Polytechnic  Institute  at  W  orcester,  Mass., 
and  was  graduated  as  a  civil  engineer  in  the  spring  of  1876,  being  at 
that  time  only  a  little  more  than  eighteen  years  of  age. 

Mr.  Gerber  taught  school  for  one  year  at  Southbridge,  Mass.,  and 
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was  employed  as  a  bookkeeper  in  a  corporation  store  connected  with 
the  woolen  mills  in  Webster,  Mass.,  until  May  1,  1879,  when  he  was 
engaged  as  transitman  on  the  Fremont,  Elkhorn  and  Missouri  Valiev 
K.  K.  In  May,  1S80,  he  became  Locating  Engineer  with  the  same 
railroad,  and  in  1881  was  promoted  to  the  position  of  Assistant  to  the 
loci  Englneer’  Captain  James  Edward  Ainsworth.  On  August  1 
"as  appointed  Assistant  Engineer  on  the  Blair  Bridge  over 
e  lissouri  River,  near  Blair,  Xeb.,  built  by  the  Sioux  City  &  Pacific 
R.  R.,  which  later  became  a  part  of  the  Chicago  Northwestern  Rwy. 
Toward  the  completion  of  this  work  on  Nov.  1,  1883,  Mr.  Gerber  was 
made  resident  engineer.  From  1885  to  1887  he  was  connected  with 
r.  Morrison  who  put  him  in  charge  of  his  Chicago  oflice.  During 
tins  period  he  was  connected  with  all  Mr.  Morrison's "important  works! 
among  which  may  be  mentioned  the  Cairo,  Memphis,  Burlington, 
_  mona,  Bellefontaine,  Alton  and  Leavenworth  bridges;  the  Chicago, 

Burlington  and  Quincy  entrance  into  St.  Louis,  and  many  less  im¬ 
portant  works. 

In  the  spring  of  1900  he  was  made  Manager  of  the  Lassig  Works 
of  the  American  Bridge  Co.  In  1901  he  was  made  Assistant  to  the 
President,  holding  various  positions  until  1911,  when  he  was  made 
General  -Manager  of  Erection,  which  position,  together  with  that  of 
ssistant  to  President,  he  held  during  the  remainder  of  his  life 
He  was  married  on  Jan.  3,  1882,  at  West  Roxbury,  Mass.,  to 
Caroline  Herthel,  daughter  of  F.  J.  Herthel,  Sr.,  and  is  survived  by 
his  widow  a  daughter,  Mrs.  Laura  E.  Olson  of  Chicago,  and  a  son, 
Lnnl  Gerber,  Jr.,  of  Pittsburgh,  Pa. 

societies  Vari°US  paperS  which  he  Pre§ented  before  different 

Mr.  Gerber  was  a  member  of  the  American  Society  of  Civil  En- 
gineers  American  Railway  Engineering  Association,  the  Western  So- 

Th!yrw  EnglneerS’  The  ^neer’  Society  of  Western  Pennsylvania, 
e  Clncago  Engineers  Club  and  the  Duquesne  Club  and  Junta  Club 


ROBERT  MAX  SON  GREENE. 
Hillsdale,  N.  Y.,  March  30,  1870. 

Chicago,  Ill.,  December  5,  1914. 


Prior  to  his  entering  Rensselear  Polytechnic  Institute,  where  he 
studied  engineering  for  three  years,  until  June,  1892,  he  had  been 
emp  o\ed  fiom  July,  1887,  to  Jan.,  1889,  as  Roadmaster’s  Assistant 
in  the  Engineering  Department  of  the  Missouri  Pacific  Railway  at 
Pueblo,  Col.,  and  Scott  City,  Kansas. 

Eron’  1003  t0  1 006  he  'vas  designer  and  estimator  for  the  Cambria 
bteel  Co.  of  Johnstown,  and  from  1900  to  1912  as  Assistant  Engineer 
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of  American  Bridge  Co.,  in  charge  of  detail  construction  of  steel  and 
iron  work  for  office  and  mill  buildings,  etc.,  etc.  From  1912  until 
his  death  he  was  engaged  in  private  practice  as  a  structural  engineer, 
first  in  Detroit  and  later  in  Winnipeg,  Canada.  He  had  been  m  1 
health  for  the  last  few  years  of  his  life  and  died  suddenly  while  in 
Chicago  from  hemorrhage  and  heart  failure.  He  was  married  on 
Nov.  18,  1890  at  Manhasset,  Long  Island,  to  Miss  Harriette  Simpson 
Horsfield,  who  survives  him. 


AXEL  H.  HELANDER 

Yingaken,  Sweden,  April  8,  1864. 

Youngstown,  Ohio,  October  1/,  1914. 

Mr  Helander  was  born  in  Sweden  in  the  year  1864,  and  came  to 
the  United  States  quite  early.  His  real  start  began  during  his  con¬ 
nection  with  the  Southwark  Foundry  &  Machine  Company,  Philadel¬ 
phia,  where  he  entered  as  a  draftsman  in  1892.  Shortly  after  that 
time  this  company  purchased  the  rights  to  build  Weiss  condensers  in 
the  United  States,  and  Mr.  Helander  gradually  took  hold  of  all  the 

condenser  work.  _  .  „  ,  . 

After  about  four  years  at  Southwark,  he  went  with  Frank  Roberts 

&  Company,  in  Philadelphia,  where  he  worked  on  layouts  of  rolling 
mills  and  power  plants.  Through  this  position  he  became  acquainted 
with  the  officials  of  the  Colorado  1  uel  &  Iron  Company. 

In  1899  he  was  appointed  chief  draftsman  of  that  company,  and 
went  to  Pueblo,  Col.  After  a  few  years  he  was  promoted  to  the 
position  of  chief  engineer,  which  he  held  until  the  year  1906. 

Mr.  Helander  had  never  given  up  his  condenser  work  and  had 
designed  and  tested  out  improvements  right  along.  As  a  result,  he 
was "well  equipped  to  introduce  barometric  condensers  at  the  Mesta 
Machine  Company,  of  Pittsburgh,  in  1906.  Besides  acting  as  con¬ 
denser  engineer,  Mr.  Helander  acted  as  contracting  engineer,  and  was 
so  successful  in  sales  engineering  that  he  was  made  Second  Vice  Presi¬ 
dent  of  the  Mesta  Machine  Company. 

In  1912  he  took  a  similar  position  with  the  William  Tod  Com¬ 
pany,  of  Youngstown,  Ohio.,  and  was  Second  Vice  Piesident  and 
Consulting  Engineer  of  that  company. 


ROBERT  M.  HOPKINS. 

Toledo,  Ohio.  December  30,  1878. 

Geneseo,  N.  Y.,  January  11,  1914. 

He  was  educated  at  the  University  of  Dakota  and  the  Massachus¬ 
etts  Institute  of  Technology  in  Boston.  He  graduated  from  the  latter 
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institute  with  the  degree  of  Electrical  Engineer  in  the  Class  of  1900. 
Since  that  time  he  has  resided  in  San  Francisco,  Chicago,  New  York, 
and  latterly  in  Pittsburgh,  as  Sales  Manager  of  the  Alberger  Pump 
&  (  ondenser  Co.  of  New  York  City. 

He  was  a  member  of  various  clubs  and  societies,  among  others 

^  °l  American  Revol«lion  (Boston  Chapter),  The  Technology 
C  ub  of  New  Yorlc,  Pittsburgh  Athletic  Association,  The  Illinois  Ath¬ 
letic  Club  of  Chicago,  the  Engineers’  Society  of  Western  Pennsylvania 
and  the  American  Society  of  Electrical  Engineers. 

He  had  been  engaged  in  several  important  and  interesting  works 
ot  a  scientific  nature,  among  them  the  longest  distance  electric  power 
transmission  plant  in  the  world,  located  in  California,  and  the  recent 
mstal  a  ion  of  the  great  pumps  in  the  new  government  dry  docks  at 
Honolulu,  Puget  Sound  and  the  Brooklyn  Navy  Yord. 

Besides  his  parents,  he  is  survived  by  his  brother  Charles  of 
Rochester,  his  sister,  Mrs  Helen  Anning,  of  Sharon,  Pa.,  and  his 
sister  Mary,  of  Geneseo. 


J.  WEI  DMA  N  MURRAY. 
Lickdale,  Lebanon  Co.,  Pa.,  October  17,  1853. 
Pittsburgh,  Pa.,  July  16.  1914. 


He  located  in  Pittsburgh  in  1876,  forming  a  connection  with  the 
old  Keystone  Bridge  Works.  Subsequently  he  became  identified  with 
the  Meimer  Machine  Works,  Lebanon,  Pa.  He  later  moved  to  Birm- 
mgharn,  Ala.,  where  he  was  Meeh.  Engr.  for  the  Tennesse  Coal,  Iron 
A  Railroad  Co.  He  returned  to  Pittsburgh  nineteen  years  ago  as 
managei  of  the  E.  P.  Allis  Co.,  and  when  this  company  was  reorgan¬ 
ized  as  the  Allis-Chalmers  Company  he  continued  as  the  Pittsburgh 
representative  of  the  consolidated  concern. 

Mr.  Murray  was  a  member  of  Tancred  Commanderv,  Knights 
templar  Pennsylvania  Consistory.  Scottish  Rite.  Masons;  Syria 
emple  of  the  Mystic  Shrine;  Duquesne  Club,  Pittsburgh  Athletic 
Association;  American  Iron  &  Steel  Institute.  American  Society  of 
Mechanical  Engineers,  Engineers’  Society  of  Western  Pennsylvania  and 
the  Steitz  Club  of  Lebanon. 


His  vidow,  one  son,  Leigh  C.  Murray,  of  Pittsburgh,  one  daughter, 

Mls  Fergus  C  0  Connor,  of  Parkersburg,  W.  Va.,  one  sister,  Mrs. 

^  H.  Ewing,  of  Chicago,  and  a  brother,  L.  Weimer  Murray,  of  Leba¬ 
non,  survive. 
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CHARLES  EVERETT  PETTEE. 
llion,  N.  Y.,  December  21,  1848. 

Pittsburgh,  Pa.,  May  21,  1914. 

When  the  Civil  War  broke  out,  and  at  the  age  of  16,  he  enlisted 
in  the  Fourteenth  Regiment,  New  York  Heavy  Artillery,  and  served 
from  1862  to  1865.  He  mustered  out  with  honor  and  with  a  proud 

record  as  a  soldier. 

After  his  return  from  the  war,  he  entered  the  employ  ol  the 
Remington  Arms  Co.,  at  llion,  N.  Y.,  and  remained  with  that  company 
for  25  years.  He  then  became  associated  with  the  G.  N.  Pierce 
Bicycle  Co.  of  Buffalo,  N.  Y.,  and  subsequently  with  the  Westinghouse 
Machine  Co.  at  East  Pittsburgh.  From  1908  to  1911  he  was  with 
the  G.  M.  Herman  Plieumatic  Machine  Co.  at  Zelienople,  and  at  the 
time  of  his  death  was  a  manufacturers’  agent.  Mr.  Pettee  was  a 
member  of  the  Masonic  Fraternity  and  of  the  Highland  Presbyterian 

Church.  .  .. 

He  was  married  in  1874  at  llion,  N.  Y.  He  leaves  his  widow, 

Mrs.  Ida  Owen  Pettee,  a  daughter,  Mrs  Herbert  F.  Black,  and  a  son, 
Robert  Owen  Pettee,  of  Oakmont,  Pa.;  also  a  sister,  Mrs  P.  W.  Skin¬ 
ner,  of  Washington,  D.  C. 


ALFRED  SANG. 

Paris,  France,  September  6,  1876. 

Antwerp,  Belgium,  October  2,  1914. 

He  was  born  in  Paris  of  English  parentage.  His  father  was  a 
well-known  artist.  He  graduated  from  a  leading  French  technical 
school.  Shortly  before  coming  to  the  United  States  he  married  Miss 
Sarah  Spang,  daughter  of  Norman  B.  Spang,  of  the  family  "which 
founded  the  Spang-Chalfant  Co.  mills  in  Sharpsburg. 

In  1900  Mr.  Sang  came  to  Pittsburgh,  becoming  a  member  of  the 
Garland  Corporation.  Until  1908,  when  his  family  went  to  Euiope, 
Mr.  Sang’s  residence  was  in  Sewickley.  In  June,  1909,  he  left  Pitts¬ 
burgh,  going  to  Paris,  thence  to  London.  In  London  he  formed  the 
firm  of  Sang  &  Russell,  also  acting  as  confidential  agent  of  the  Gar¬ 
land  Corporation.  .  f 

While  in  Pittsburgh  Mr.  Sang  was  a  member  of  the  Engineers 
Society  of  Western  Pennsylvania,  the  American  Society  for  Testing 
Materials,  and  of  the  Electro  Chemical  Society.  He  was  also  a  mem¬ 
ber  of  the  Union  Club.  Mr.  Sang  was  an  engineer,  artist,  musician 
and  linguist,  speaking  French,  German,  Spanish,  Italian,  English  and 
Russian.  He  was  also  known  as  a  contributor  to  trade  journals  and  as 

a  student  of  psychology.  >  1 

He  leaves  his  widow  and  three  children,  Alfred,  Elizabeth  and 

Sarah,  and  a  sister,  Mrs.  George  Collins,  formerly  of  this  city,  but 

now  living  in  Idaho. 
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ANNUAL  MEETING 


The  Thirty-fourth  Annual  Meeting  of  the  Engineers'  Society  of 
Western  Pennsylvania  was  held  in  Lhe  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  January  20,  1914,  at  8:15  P.  M.,  President 
bamuel  A.  Taylor  presiding,  90  members  and  visitors  being  present. 

The  minutes  of  the  last  annual  meeting  held  January  21.  1913 
were  read  and  approved. 

The  annual  report  of  the  Board  of  Direction  which  included  the 
reports  of  the  Standing  and  Special  Committees,  the  Sections  and 
the  Treasurer,  was  read  as  follows: 


REPORT  OF  THE  BOARD  OF  DIRECTION 


The  Board  of  Direction  of  the  Society  held  ten  regular  meetings 
and  one  special  meeting  during  the  past  year,  at  which  the  routine  of 
business  of  the  Society  was  transacted. 


During  the  year  tl  ere  ■were 
annual  meeting  of  the  Society. 


held  nine  regular  meetings  and  the 
The  average  attendance  was  177. 


The  average  number  participating  in  the  discussion  of  papers  was 
9,  tue  maximum  attendance  was  350  and  the  minimum  72. 

At  the  close  of  the  year  tlie  membership  of  the  Societv  was  a* 
follows: 


Honorary  members 

Members  . 

Associate  members 

Associates . 

J uniors  . 

Student  J  uniors  . . . 


0 

979 

2 

30 

87 

20 


Total  .  1124 

This  is  the  largest  membership  in  the  history  of  the  Society. 
During  the  year  there  were: 


Resignations  .  37 

Removed  by  death  .  3 

Dropped  .  25 


Total 

Accessions 


65 

128 


The  net  increase  in  membership  during  the  year  is  70. 
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REPORT  OF  HOUSE  COMMITTEE 

To  the  Board  of  Direction ,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

On  behalf  of  the  House  Committee,  I  have  the  following  report 

* 

to  present : 

In  accordance  with  the  By-Laws,  an  inventory  of  the  effects  of 
the  Society  has  been  made  and  the  furnishings  of  the  Society  house 
kept  in  proper  repair. 

It.  is  gratifying  to  note  that  the  Society  rooms  are  being  used 
more  and  more  by  our  members.  Our  chess  players  are  coming  in 
finite  regularly  during  the  noon  hour,  and  there  is  always  opportunity 
for  a  same.  The  Committee  desire  to  recommend  the  purchase  of  two 
additional  chess  tables  and  sets  of  chess  men  similar  to  the  equip- 
ment  at  present  in  the  club  room. 

During  the  year,  the  auditorium  has  been  used  on  43  occasions, 
21  times  for  Society  meetings  and  22  times  for  other  organizations. 

The  Society  rooms  have  been  open  every  Saturday  night  through¬ 
out  the  year. 

The  members  of  this  Committee  believe  that  the  matter  of  a 
permanent  home  for  the  Society  should  be  in  the  minds  of  our  mem¬ 
bers  and  that  the  matter  should  be  discussed  periodically.  When 
circumstances  seem  favorable,  the  project  should  go  forward,  and  it  m 
believed  that  in  time  it  will  be  possible  for  the  Society'  to  be  ade- 
quately  housed  in  its  own  quarters. 

Respectfully  submitted, 

James  0.  Handy,  Chairman. 


report  of  publication  committee 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

The  work  of  the  Publication  Committee  during  the  past  year  has 
been  along  .the  same  lines  as  those  followed  for  several  years  past. 
Interesting  subjects  and  competent  speakers  to  present  them  ave 
been  sought  both  within  and  without  the  Society’s  membership,  the 
Proceedings  as  printed  show  the  results  obtained.  The  report  would 
be  incomplete  without  acknowledging  the  Secretary’s  part  in  this  work. 
He  has  not  onlv  assisted  but  has  led,  and  we  desire  to  express  our 
appreciation  of  "this  fact.  The  attendance  at  the  meetings  has  shown 
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that  the  subjects  presented  have  met  with  the  approval  of  the  mem- 
b  rs,  and  it  is  hoped  that  all  members  will  assist  in  securing  papers 
on  similar  subjects  for  the  coming  vear. 

Respectfully  submitted, 

Alex.  L.  Hoerr,  Chairman. 


REPORT  OF  ENTERTAINMENT  COMMITTEE 

To  the  Board  of  Direction,  Engineers ’  Society  of  Western  Penn¬ 
sylvania  :  - 

The  Entertainment  Committee  presents  the  following  report: 

mader>asrifolllws:latter  ^  °f  S6Veral  inSpeCti°n  trips  were 

On  November  1st,  a  joint  inspection  trip  with  the  Cleveland 
Engineering  Society  was  made  to  The  Pressed  Steel  Car  Company's 
Works  at  McKees  Rocks  and  to  the  plant  of  the  Universal  Portland 
Cement  Company  at  Universal,  Pa.  The  members  of  our  Society 
met  the  special  tram  carrying  the  members  of  the  Cleveland  F.ixnneer- 
ing  Society  at  the  McKees  Rocks  station  of  the  P.  &  L.  E  R  R  which 
transported  the  entire  party  directly  to  the  Pressed  Steel  Company’s 
Works  A  very  efficient  corps  of  guides  under  the  direction  of  Harvey 
Allen  M  ork8  ^  Engineer,  who  had  charge  of  the  inspecting  party, 
escorted  the  visitors  through  the  Works.  Leaving  McKees  Rocks,  a 
sumptuous  lunch  was  served  through  the  courtesy  of  the  officials 

i  i?e.YrVoSap  TPortland  Cement  ComPan-v-  A  Stop  was  made  at 
l.lo  at  the  P.  &  L.  E.  R.  R.  Terminal  Station  in  Pittsburgh  to  pick 

up  members  of  the  Society  who  were  unable  to  join  the  party  in  the 
morning^  Proceeding  to  Universal,  the  party  was  in  charge  of  B.  H. 
Rader,  Eastern  Manager  for  the  Universal  Portland  Cement  Company, 
and  his  assistants,  W.  M.  Kinney  and  J.  L.  Nelson.  At  Universal  the 
party  was  met  by  E.  D.  Barry,  Supt.  and  R.  L.  Slocum,  Asst.  Supt. 
of  Plant  No.  5  of  the  Company,  who,  with  a  very  capable  corps  of 
piides,  escorted  the  visitors  in  groups  through  the  entire  works  Re¬ 
turning  to  Pittsburgh  the  members  of  the  two  Societies  joined  in  a 
dinner  at  the  Monongahela  House  at  6:00  o’clock,  after  which 
addresses  were  made  by  Samuel  A.  Taylor,  President  of  our  Society; 
E.  H.  Whitlock,  Vice  President  of  the  Cleveland  Engineering  Society; 
E.  P  Roberts  and  Willard  Behan  of  the  Cleveland  Society;  and  Geo. 

.  Neilson  and  Harry  J.  Lewis  of  our  own  Society.  The  total  attend¬ 
ance  was  390,  the  Cleveland  delegation  numbering  130. 

On  November  29th,  we  visited  the  works  of  the  Mesta  Machine 
Eo.,  where  a  large  twin  tandem  compound  reversing  engine  and  a 
three-cylinder  compound  reversing  engine  were  inspected.  The  details 
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of  these  engines  presented  many  features  of  special  interest.  The  at¬ 
tendance  was  about  250. 

On  December  13th,  an  inspection  trip  was  made  to  the  works  of 

the  Westinghouse  Electric  &  Manufacturing  Company  to  inspect  a 

6000  h.p.  motor  designed  to  drive  a  rail  mill,  and  a  3000  h.p.  motor 
designed  to  drive  a  12  in.  mill  through  direct  connection  and  a  16  in. 
mill  through  a  rope  drive.  The  attendance  was  about  60. 

Two  smokers  were  held  during  the  year;  the  first  on  March  8th  at 

the  Union  Club,  where  we  were  entertained  by  J.  W.  Bengough  of 

Toronto  with  a  semi-humorous  talk  illustrated  by  crayon  drawings 
made  on  the  spot.  Richard  Hirscli  made  a  very  humorous  address, 
bringing  out  the  hobbies  of  a  number  of  the  members  of  the  Society. 
The  attendance  was  about  325. 

The  second  smoker  of  the  year  was  held  on  Oct.  25th  at  the  Fort 
Pitt  Hotel.  Harry  Lewis,  Walther  Riddle  and  others  made  brief 
addresses.  The  attendance  was  about  300. 

A  new  departure  in  our  Society  life  was  made  on  November 
28th,  when  a  reception  was  given  at  the  Rittenhouse,  the  evening  being 
devoted  to  dancing  and  cards.  This  was  a  thoroughly  enjoyable  affair, 
and  was  most  successful  from  every  point  of  view.  The  ladies  of  the 
Society  took  great  interest  in  it,  and  indeed  the  success  of  the  even¬ 
ing’s  entertainment  was  entirely  due  to  the  splendid  work  of  the 
several  Committees  organized  by  the  ladies  of  the  Society.  The  at¬ 
tendance  was  about  260. 


It  is  believed  by  the  members  of  the  Committee  that  more  at 
tention  should  be  paid  to  the  social  features  in  our  Society  life,  and 
would  earnestly  recommend  that  frequent  smokers  be  held  and  that 
two  receptions  similar  to  the  one  held  at  the  Rittenhouse  be  ghen 

each  year. 

Respectfully  submitted, 

Edwin  H.  Haslam,  Chairman. 


REPORT  OF  FINANCE  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

Your  Committee  made  monthly  audits  of  the  books  of  the  Secre- 
tarv,  and  also  of  the  financial  statements  prepared  by  him  for  the 
regular  meetings  of  the  Board  of  Direction.  The  books  have  been 
correctly  kept  and  the  statements  properly  show  the  financial  transac- 
tions  of  the  Society. 

Respectfully  submitted, 

Samuel  E.  Duff,  Chairman. 
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REPORT  OF  MEMBERSHIP  COMMITTEE 

T°  the  Board  of  Direction,  Engineers’  Society  of 
sylvania : 


Western  Penn- 


The  Membership  Committee  desires  to  report  the 
sions  to  membership  in  the  Society  during  the  past 

Members  . 

Associate  Members  . . 

Associates . 

Juniors  . 

Student  Juniors  . 


following  acces- 
vear : 

87 

2 

11 

19 

9 


Total 


128 


The  Junior  membership  of  the  Society  now  numbers  87  and  it 
is  believed  that  this  grade  of  membership  should  be  increased  in  order 
to  extend  our  field  of  usefulness.  It  is  hoped  that  during  the  corain- 
year  more  of  the  advanced  students  in  the*  engineering  schools  of  the 
i  y  will  avail  themselves  of  the  privileges  of  the  Student  Junior 
grade  of  membership,  and  it  is  desired  to  bring  this  matter  particularly 
to  the  heads  of  the  Engineering  Departments  of  the  local  engineering 
schools  as  such  membership  in  the  Society  will  prove  of  great  benefit 
to  the  engineering  students. 

Respectfully  submitted, 

George  H.  Barbour,  Chairman. 


REPORT  OF  TREASURER 

To  the  Board  of  Direction ,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

Y°ur  Treasurer  takes  pleasure  in  presenting  the  following  state- 

™e”t  4 he  finances  of  the  Society  for  the  year  ending  December 

1J13  ! 

INVESTMENTS 
Building  Fund 

One,  $1000  Butler  Water  Company,  5  percent  bond.  No.  9, 
matures  September  2,  1931 . 

Permanent  Fund 

Two,  $1000  Connellsville  Water  Company  5  percent  bonds, 

Nos.  317-318,  maturing  October  1,  1930 . 

Two,  $1000  Portsmouth,  Berkley  &  Suffolk  Water  Company 
5  percent  bonds,  Nos.  465-466,  maturing  Nov.  1.  1944 

Three,  $1000  Jones  &  Laugh] in  Steel  Company  5  percent 
bonds,  Nos.  3020-3022,  maturing  Mav  1,‘  1931 


2020.00 

2000.00 

2997.92 


Total  eight  bonds 


$8042.92 
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RECEIPTS 

Dues  1914 . $  9.00 

1913 . 7637.50 

1912 .  250.85 

1911 .  105.00 

1910  50.00 

19091’. .  18.75 

Entrance  Fees  .  950.00 

Advertising  .  2078 . 71 

Proceedings  .  855 . 41 

Rent  of  Auditorium -  160.00 

Banquet  Receipts .  2708.50 

Smoker  Receipts .  373.01 

Reception  Receipts -  187.00 

interest .  857 . 71 

Society  Pins  .  62.50 

Miscellaneous  .  .23.52 


$15  627.46 


EXPENDITURES 

Administration  . $ 

Entertainment  . 

House  . 

General  Society . 

Mechanical  Section  .... 
Structural  Section  .... 
Metallurgical  and  Min¬ 
ing  Section  . 

Committee  on  Engineer¬ 
ing  Education  . 

Proceedings  . 

Advertising  . 

Miscellaneous  . 


$15  277.15 


4914.81 

3020.06 

2926.68 

1014.55 

158.78 

143.73 

19.05 

24.00 

2891.76 

135.23 

28.50 


TOTAL  ASSETS 

December  31st,  1912  December  31st,  1913 


Permanent  Fund . 

Building  Fund  . 

General  Fund  . 

$  9052.92 
1792.16 
574.89 
2723.64 

$  8042.92 
5606.48 
586.37 
310.20 

Increase  in  Assets  for  1913 
over  1912  . 

$14143.61 

402.36 

$14545.97 

$14545 . 97 

Respectfully  submitted, 

A.  E.  Frost,  Treasurer. 


REPORT  OF  MECHANICAL  SECTION 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

Five  regular  meeting's  of  the  Mechanical  Section  of  the  Society 
were  held  in  1913  with  an  average  attendance  of  89,  the  maximum 
attendance  was  100  at  the  April  meeting  and  the  minimum  74  at  the 
December  meeting.  The  average  number  participating  in  the  dis- 
cussion  of  papers  was  8. 
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The  papers  presented  were  as  follows: 

February  meeting :  ‘‘The  Technical  Man  and  the  Steel  Works”  by  W. 

E.  Snyder,  Mechanical  Engineer,  American  Steel  &  Wire  Co. 

April  meeting:  Discussion  of  “The  Question  of  Specifications”  was 

opened  by  T.  D.  Lynch,  Research  Engineer,  Westinghouse  Elec. 
&  Mfg.  Co. 

June  meeting :  “Refractories  in  Modern  Boiler  Plants”  by  Kenneth 
Seaver,  Chief  Engineer  of  the  Harbison- Walker  Refractories  Co. 
October  meeting :  “The  Decline  of  Oil  Wells  and  Maintenance  of 
Production”  by  L.  G.  Huntley,  Geological  Engineer,  The  Asso¬ 
ciated  Geological  Engineers,  and  “The  Mud  and  Fluid  Process 
applied  to  Dry*  Hole  Cable  Drilling”  by  J.  A.  Pollard.  Petroleum 
Engineer,  U.  S.  Bureau  of  Mines. 

December  meeting:  “Selection  of  Electric  Motors,  Minimum  Mainte¬ 
nance  and  Repairs”  by  James  Dixon,  Construction  Engineer, 
Crocker-Wheeler  Co.,  Ampere,  N.  J. 

These  papers  were  selected  with  the  idea  of  presenting  subjects 
of  particular  interest  to  the  Mechanical  Engineers  in  the  Pittsburgh 
Distiict.  The  adoption  of  this  policy,  which  was  recommended  some 
time  ago  by  the  Board  of  Direction,  has  been  fully  justified  during  the 
past  three  years  by  the  experience  of  the  Mechanical  Section. 

Respectfully  submitted, 

George  H.  Neilson,  Chairman. 


REPORT  OF  STRUCTURAL  SECTION 

To  the  Board  of  Direction ,  Engineers’  Society  of  Western  Penn¬ 
sylvania  : 

1  beg  to  submit  to  you  the  following  report  of  the  work  done 
by  the  Structural  Section  during  the  year  1013: 

Five  regular  meetings  were  held,  and  at  each  of  these  meetings 
there  was  presented  a  paper.  The  papers  in  some  instances  were  very 
freely  discussed.  1  lie  dates  of  the  meetings  and  the  papers  presented 
are  as  follows : 

January  7,  1913,  a  paper  entitled  “A  Simple,  Practical  Method 
for  Determining  the  Stresses  in  a  Hingeless  Elastic  Arch  Rib”  was 
presented  by  T.  J.  Wilkerson,  Division  Engineer  and  Bridge  Designer, 
Bureau  of  Construction,  Department  of  Public  Works.  The  attendance 
at  this  meeting  ^\as  39  and  the  number  entering  into  the  discussion 
of  the  paper  was  3. 

On  March  4,  1913,  a  paper  entitled  “The  Fire-proof  Building,  its 
Advantages  and  Weaknesses”  was  presented  by  H.  W.  Forster,  Chief 
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Engineer,  Independence  Inspection  Bureau,  Philadelphia.  _  The  attend- 
am;  at  this  meeting  was  37  and  the  number  entering  into  the  dis¬ 
cussion  of  the  paper  was  (i.  . 

On  May  0,  1913,  a  paper  entitled  “The  Historic  Failures  of  En¬ 
gineering  Structures”  was  presented  by  Horace  B.  Thayer,  Asst.  Pro¬ 
fessor  of  Structural  Design,  Carnegie  Institute  of  Technology  The 
attendance  at  this  meeting  was  101  and  the  number  entering  into  the 

discussion  of  the  paper  was  8.  . 

On  September  9,  1913.  a  paper  entitled  “Composition  Flooring 
was  presented  by  H.  M.  Hooker,  District  Manager  of  the  Marbleoid 
Company.  The  attendance  at  this  meeting  was  57  and  the  number 
entering  into  the  discussion  of  the  paper  was  8. 

On  November  4,  1913,  a  paper  entitled  “The  Design  of  Linings 
for  Mine  Shafts”  was  presented  by  William  Archie  Meldin,  Ass  . 
Chief  Engineer,  Pittsburgh-Buffalo  Company.  The  attendance  at  this 
meeting  was  38  and  the  number  entering  into  the  discussion  of  the 

paper  was  7. 

The  average  attendance  during  the  year  was  58  and  the  average 
number  entering  into  discussion  of  the  papers  was  7. 

At  the  meeting  held  January  6,  1914,  the  following  officers  were 
selected  for  the  ensuing  year : 

Chairman,  William  E.  Mott. 

Vice  Chairman,  George  H.  Danfortli. 

Directors,  F.  R.  Dravo,  N.  S.  Sprague,  L.  F.  W.  Hildner. 

Respectfully  submitted, 

Edward  Godfrey,  Chairman. 


report  of  tellers 


To  the  Members  of  the  Engineers’  Society  of  Western  Pennsylvania : 

The  ballots  cast  in  the  annual  election  were  publicly  canvassed  at 
12:00  o’clock  noon,  January  20th,  1914. 


The  vote  being 

For  President. 

For  Vice  President. 
For  Treasurer. 

For  Director. 

For  Director. 
Scattering. 


as  follows: 

Albert  R.  Raymer 
Samuel  E.  Duff 

A.  E.  Frost  - 

George  H.  Neilson 
Fred  Crabtree  . . . 


228 

228 

230 

228 

228 
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Respectfully  submitted, 

C.  M.  Means, 

B.  F.  Groat, 

L.  C.  Steele, 

Tellers. 
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These  gentlemen  were  thereupon  declared  elected. 

The  President  requested  Thomas  II.  Johnson  and  Jan.es  P.  Leaf 

o  es-cort  President-elect  Albert  R.  Raymer  to  the  chair,  who  addressed 
the  Society  as  follows: 

Gentlemen,  I  appreciate  the  honor  yon  have  bestowed  upon  me 
It  is  not  necessary  for  me  to  say  anything  about  the  work  of  the 
Society  since  you  have  heard  the  reports  of  the  various  committees 
Jt  is  not  necessary  for  me  to  make  any  predictions  about  the  work  for 
the  coming  year,  as  the  Society  is  under  such  magnificent  momentum 
that  it  will  be  very  easy,  with  the  continuance  of  vour  cooperation  to 
place  the  work  on  a  plane  still  higher,  possibly,  than  it  has  been  in 
the  past,  provided  we  maintain  the  same  rate  of  progress.  I  have  had 
the  pleasure  of  being  connected  with  the  Society  for  quite  a  number 
ol  years  m  various  capacities,  as  a  member  of  the  Board  of  Direction 
or  a  number  of  years  and  as  Chairman  of  some  of  the  Committees 
and  it  has  been  a  great  pleasure  to  me  to  give  what  little  assistance 
it  has  been  m  my  power  for  the  welfare  of  the  Societv.  I  look  to  each 
of  you  for  loyal  support  of  the  new  officers,  your  assistance  in  con- 
libuhpg  papers,  your  assistance  in  discussion,  and.  most  of  all.  vour 
assistance  by  attending  the  various  meetings  of  the  coming  year 
Again  I  thank  you  for  this  honor  and  hope  it  will  be  a  successful  year’ 

Mr.  Chester  B.  Albree:  T  have  been  a  member  of  this  Society 
for  so  many  years  that  I  have  forgotten  when  1  joined,  and  it  seems 

to  me  it  is  due  to  our  present  members  to  recognize  that  in  the 

progress  of  this  Society  we  have  been  wonderfully  assisted  by  the 
efforts  of  a  single  man.  Not  that  others  have  not  done  their  duty, 
but  this  man  has  been  especially  delegated  to  look  after  us.  I  refer  to 
Mr.  Hiles,  our  Secretary.  He  has  been  in  charge  here  now  for  over 

I  Wish  t0  have  passed  toni£ht  a  vote  of  appreciation 

o  Mr.  Hiles  efforts.  He  has  done  as  much  as  any  man  ever  con¬ 

nected  with  this  Society  to  make  it  go  in  every  way.  in  its  technical 
meetings,  in  its  excursions  and  in  its  entertainment  of  foreign  bodies 
which  have  been  here,  over  and  over  again.  And  T  move,  Mr.  President 
that  a  vote  of  appreciation  be  extended  to  Mr.  Hiles  for  his  splendid 
efforts  in  the  past  for  this  Society. 

President  Raymer:  It  gives  me  great  pleasure  indeed  to  put  a 
motion  of  this  kind,  because  it  appeals  very  strongly  to  me.  T  have 
been  working  with  Mr.  Hiles  for  a  number  of  years,  and  T  know  the 
truth  of  every  word  Mr.  Albree  has  expressed,  and  I  am  sure  it  will 
be  heartily  concurred  in  by  all  the  Chairmen  of  the  various  Com¬ 
mittees  who  have  worked  with  him. 

Mr.  A.  Stucki:  It  is  appreciated  not  only  bv  the  Chairmen  of 
the  Sections  and  of  the  Committees,  but  it  is  appreciated  by  all  of  us. 
by  every  member  coming  here,  and  by  visitors  attending  our  meetings. 
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and  every  man  who  goes  out  of  the  Society  rooms  feels  not  only  that 
he  has  got  what  he  came  for  but  got  it  in  a  pleasant  way. 

Me  Samuel  E.  Duff:  I  would  like  to  say  that  if  we  stayed  here 
1  ’  .  ,  i|  i  ahout  it  we  could  not  make  a  complete  catalogue 

:  SS  Si ..  a,.  Hu- 1. 1*  a.  ...i 

M  •  Stucki  and  Mr.  Albree,  I  have  been  so  connected  with  the 

tZ  w.  ,.z  -  •“  <**•  - 

1  want  to  add  my  humble  tribute  to  his -efforts. 

Mr  S  A.  Taylor:  1  think  in  a  Society  of  this  kind  the  larger 
t  f  it  is  the  Secretary,  and  in  the  case  of  a  number  of  Societies 

similarly  situated  the  offices  of  3S -to 

snK  ^y  *  ^t  has 

"-'Ta  E  Frost:  I  have  followed  the  entire  course  of  the  history 
„f  the  Society  and  have  known  the  beginnings  and  now  I  know  no 
the  end  but  the  present,  which  I  am  sure  is  not  the  end  of  accom¬ 
plishment.  It  gives  me  also  great  pleasure  to  second  most  heart  y 
that  has  been  said  in  regard  to  one  who  has  been  both 
co-worker  and  friend.  It  gives  me  great  pleasure  to  second  every- 
thing  that  has  been  said  in  regard  to  Mr.  Hiles. 

Mr.  George  H.  Neilson  :  On  behalf  of  the  Entertainment  Co^ 
mittee  I  would  like  to  say  that  the  success  of  the  banquet  ast  year 
,lue  entirely  to  Mr.  Hiles’  work,  and  the  success  we  expect  to  ha 

«;  a.  a...!  ft...^  «■' 

efforts  and  work  we  have  been  successful  in  getting  Mr.  A.  • 
and  also  some  others.  I  think  this  tribute  is  due  to  Mr.  Hiles. 

The  motion  was  carried  by  unanimous  vote. 

President  Raymer:  Mr.  Hiles,  it  gives  me  great  pleasure  to 
extend  to  you  the  unanimous  thanks  of  the  Society. 

Mr.  Elmer  K.  Hiles  :  This  meeting  has  developed  m  a  most 
unexpected  manner  and  I  feel  very  embarrassed  I  aPP^eiate 
vour  kindlv  words  and  it  is  very  pleasant  to  heai  the  . 

Society  has  grown  in  many  ways  during  the  last  few  years  and 
glad  to  have  had  my  little  opportunity  to  assist  in  its  development. 
But  the  great  factor  in  the  success  of  the  Society  has  been  «  • 

support  and  active  interest  of  a  large  number  of  individual  membe^, 
and  hung  behind  this  we  should  always  remember  that  these  t  g 
were  made  possible  by  that  group  of  engineers,  the  founders 
Society,  who  laid  the  broad,  comprehensive  and  enduring  foundat 
on  which  we  have  been  building.  They  were  far-seeing  broad-minded 
men  who  early' recognized  the  needs  of  the  engineers  of  Western  Penn* 
svlvania,  and  founded  a  Society  for  the  engineers  of  this  district  wh  o 
will  last  for  all  time.  It  is  well  for  us  to  recall  these  things  to  mm 
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on  occasions  like  this  in  order  that  we  may  be  quickened  In  our  efforts 
to  realize  the  high  ideals  of  these  men  to  whom  we  owe  so  much.  I 
visit  other  cities  once  in  a  while  on  Society  work  and  1  frequently 
hear  some  fine  things  said  of  our  old  Society  and  the  men  who  are  in 
it,  complimenting  you  on  the  things  accomplished  by  the  Society  and 
recorded  in  our  Proceedings.  I  am  always  greatly  cheered  on  such 
occasions  and  prize  more  highly  the  privilege  of  an  active  connection 
with  so  old  and  dignified  an  organization  which  stands  so  high  in  the 
estimation  of  engineers  residing  in  other  communities.  You  have  all 
been  very  kind  to  me  and  I  appreciate  it  very  much.  Ever  since  I 
came  into  the  office  of  Secretary  of  the  Society  there  is  one  thing 
that  I  have  always  felt  sure  of,  and  that  is  that  every  man  in  the 
Society  is  my  friend— this  means  very  much  to  me.  I  am  not  much 
o±  a  hand  at  making  acknowledgement  of  such  kind  expressions  -which 
r?Ve  Ab®en  m*de  in  so  friendly  a  spirit  tonight,  but  1  wish  to  thank 
Mr.  Albree,  Mr  Raymer,  Mr.  Stucki,  Mr.  Duff,  Dr.  Frost,  President 
laylor,  Mr.  iNeilson  and  all  of  you  for  your  cheering  words. 

No  further  business  coming  before  the  Society  the  retiring  Presi¬ 
dent,  Samuel  A  Taylor,  addressed  the  Society  on  “The  Advancement 
in  Bituminous  Coal  Mining.” 

The  meeting  adjourned  at  10:10  P.  M. 

Elmer  K.  Hiles,  Secretary. 


STRUCTURAL  SECTION 

The  annual  meeting  of  the  Structural  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Society  rooms,'  Oliver 
Building,  Pittsburgh,  Tuesday,  January  6th,  1914,  at  8:30  P.  M.. 

Chairman  Edward  Godfrey  presiding,  seventy  members  and  visitors 
being  present. 

The  minutes  of  the  last  annual  meeting  held  January  7th  1913 
were  read  and  approved. 

The  Nominating  Committee  presented  the  following  report : 

“To  the  Members  of  the  Structural  Section, 

Engineers  Society  of  W estern  Pennsylvania. 

Gentlemen : 

„  Jour  Nominating  Committee  wish  to  suggest  the  following  names 
lor  the  officers  of  the  Section  for  the  ensuing  year: 
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Chairman, 

Vice  Chairman, 

Directors, 

Respectfully  submitted, 


William  E.  Mott, 

Geo.  H.  Danforth, 

F.  R.  Dravo, 

N.  S.  Sprague, 

L.  F.  W.  Hildner. 

Harry  J.  Lewis, 

E.  W.  Pittman, 
Samuel  E.  Duff.” 


No  further  nominations  being  made,  the  Secretary  was  requested 
to  cast  a  unanimous  ballot  for  the  members  named,  who  were  there- 
upon  declared  elected. 

On  motion  the  annual  meeting  adjourned  at  8:40  P.  M. 


The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Societv  of  Western  Pennsylvania  was  held  m  the  Society 
looms  Oliver  Building.  Tuesday,  January  6th,  1914,  at  8:30  P.  M 
Mr.  X.  S.  Sprague  presiding,  70  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  November  4th  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “The  Strength  of  Equipment  for  Handling  Loads”  was 
presented  by  Edward  Godfrey,  Structural  Engineer,  Robert  W.  Hunt 
&  Co.,  Pittsburgh. 

The  ensuing  discussion  was  participated  in  by  John  A.  McCul¬ 
lough,  Engr.  Galvanizing  Dept.,  National  Tube  Co.,  McKeesport  ;  Willis 
Whited.  Engr.  of  Bridges,  State  Highway  Dept.,  Harrisburg.  Pa. , 
Geo.  W.  Nichols,  Engr.,  John  Eichleay  Jr.  Co.,  Pittbsurgh:  G  E. 
Flanagan,  Mech.  Engr.,  Heyl  &  Patterson,  Pittsburgh;  W.  P.  Flint, 
Engr.,  Westinghouse  Mach.  Co.,  East  Pittsburgh.  Pa.;  P.  E.  Hunter, 
President,  Independent  Bridge  Co.,  North  Side,  Pittsburgh;  Harry 
Lewis,  Cons.  Engr.,  Pittsburgh,  and  Edward  Godfrey. 

The  meeting  adjourned  at  10:45  P.  M. 

"ITt  h/titt?  TT  TTtt/es.  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  January  12th,  1914.  at 
4:25  P.  M.,  President  S.  A.  Taylor  presiding,  Messrs.  Ravmer,  Hawley, 
Duff,  Snyder,  Hoerr,  Stucki,  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  December  5th  were 
read  and  approved. 
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The  applications  of  the  following  gentlemen  having  been  regularly 
pubhbhe.)  to  the  Society  pursuant  to  the  action  of  the  Board  on  Decern- 
ber  oth,  were  duly  elected  to  membership. 

member 

Arthur,  Guy  Browning  Hardy,  Geo.  * 

Douglass  Robt.  M.  Lombard,  Eugene 

eiwig,  Homer  (  hristian  McComvay,  William,  Jr. 

Smith,  Herbert  Paul 


Mason,  J.  R. 


ASSOCIATE 

Schley,  Charles 
Swan,  John  W.  H. 

junior 

Van  Email,  Kenneth  Walter 


Applications  for  membership  in  the  Society  were  •  received  from 
Society  °Wmg  eentlemen’  and  their  names  Offered  published  to  the 


MEMBER 

Parke,  Frederic  Huntington 
Stout,  Orin  C. 

Case,  Geo.  Wilkinson 
Carter,  Richard  H. 

Jackson,  Wm.  H. 


Thomas,  Wm.  Arthur 


Kali),  V  arren  Cornelius 
McBroom,  Herman  P. 
McCabe,  Wm.  Perry 
Straub,  Albert  A. 

S warts,  G.  Taylor 


Peabody,  Geo.  L.  Jr. 

Harton,  Elliott  Erskine 
Lewis,  Robt.  Ash 
Stattenfield,  H.  H. 


ASSOCIATE 


Clifford,  Thos.  C. 


JUNIOR 


Supplee,  Chas.  W. 

Phillis,  Wm.  Avery 
W  ilson,  Edgar  Hamilton,  Jr. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 

anrHM  K  If  ^  °f  Member  .'list,  having  boon  previously 

audited  by  the  finance  Committee,  was  approved. 

man  ofettfTm-I?.Pr^Sented  S  letter  from  Ellio,t  H-  Whitlock,  Chair- 
W^th!  PubhmTy  ommittee>  relativ«  *0  Publicity  work  in  Engineer- 
CommitteeleS  ^  matter  w?s  ordered  referred  to  the  Publication 

The  meeting  adjourned  at  5:40  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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Western  ***»«»'  Society  of 

fzzr^ry  17, hl^  Ts^Tz  T- 
present.nt  1  *  D“*  *■**»  ^  membe^  ^ vLi,^’ b^ 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

one  AsLelTe  M0embereetwon  7°**?  ^  ^ "  of  se'a"  Members, 
eeipt  of  nineteen  applications** and  "‘e  r6' 

evening  on  «OpeS^  Sperient^GU^  'he  pap*re  °f  the 

presented  as  follows:  Wlth  Steam  Regenerators”  were 

n.4riiss„Rrsrs,“'1  s  *??*« . . » .  *. 

Co.,  McKeesport.  "  '  S  ’  Natlonal  Works,  National  Tube 

Specifications  lor  Regenerators  l»v'  ii  i>  n 

Engr.,  U.  S.  Bureau  of  Mines,  Pittsburgh.  '  '  ‘  JIec1'' 

Pro/of  MecT  I^rgTf''  Regenerator>  by  C.  L.  W.  Trinks, 

e  i'  Carnegie  Institute  of  Technology. 

p..  jb®  ensuing  discussion  was  participated  in  bv  C  II 
Chief  Engineer,  Rateau  Steam  Regenerator  r„  V  '  v  '  11  ••Smoot, 
Hunter,  Meeh.  Engr  Amer  Sh!  f  r  ,  NeW  Wki  John  A. 

McCulloch,  Meeh  E  »,  V,.f  ,  ?*"  Hate  (o'>  Pittsburgh;  J.  A. 

bert,  Steam  Engr  Du’aue  e  W  A  7’  McKees^  *  H.  C.  Sie- 
Chief  Engr.,  Youngkown  Sh  et  &  Tube  7'  ^  L'  Lee' 

Pendent  Rateau  Steam  Rege 

rlhe  meeting  adjourned  at  11:10  P.  ]\J. 

Elmkr  K.  Hiles, 

Secretary 


MECHANICAL  SECTION 

The  annual  meeting  of  the  Mechanical  Section  of  il,„  i.-.  • 
Society  of  Wesfprn  Ponn^i  .  •  ,  ,  7  . on  °'  the  Engineers’ 

Oliver  Bldg  Pittsburgh,  Tue^J^Ts/m”.  t'^ao^  M[  •  “7’"**' 
present^0  *  Nei'S°n’  PreS^’  *#**  -mheis  and  visiU 

read  mufa proved1’  ""  "  meatin*  held  **.  L  1913  were 
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The  report  of  the  nominating  committee  was  presented  as  follows: 

February  3,  1914. 

To  the  Officers  and  Members  of  the  Mechanical  Section, 

Engineers’  Society  of  Western  Pennsylvania. 

the  'fonoXinominees,  covering  the  several 

offices  in  the  Section  for  the  year  1914. 

Chairman . ^Ai^l 

Vice  Chairman . Stewart  M.  Marshall 

T.  D.  Lynch 


Directors . 


J.  A.  McCulloch 
Albert  Kingsbury 

Respectfully  submitted, 

Alex.  L.  Hoerr,  Chairman. 


On  motion  the  Secretary  was  requested  to  cast  a  unanimous  bal¬ 
lot  for  the  gentlemen  nominated  who  were  thereupon  elected. 

The  chairman  requested  Mr.  J.  A.  McCulloch  to  takethecliair 
since  the  Chairman-Elect,  Mr.  John  A.  Hunter,  was  out  of  the  city. 

No  further  business  coming  before  the  Section,  tlie  address^f  the 
retiring  chairman:  “Crucible  Steel:  Some  Interesting  Tacts  was  pr^ 
sented  by  Geo.  H.  Neilson. 

The  meeting  adjourned  at  9:25  P.  M.  K  HiLes, 

Secretary 


board  of  direction 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers-  Society  of  Western  Pennsylvania  *  «  in  S 

Handy,  Neilson,  and  the  Secret aiy  bein&  piesen 

The  minutes  of  the  last  regular  meeting  held  January  12th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  haring  b  0B 

published  to  the  Society  pursuant  to  the  action 
January  12th,  were  duly  elected  to  membeiship . 
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Carter,  Richard  H. 
Case,  George  Wilkinson 
Jackson,  William  H. 
Kalb,  W  arren  Cornelius 
McBroom,  Herman  P. 


MEMBER 

McCabe,  William  Perry  ‘ 
Parke,  Frederic  Huntington 
Stout,  Orin  C. 

Straub,  Albert  A. 

Swartz,  G.  Taylor 


Thomas,  William  Arthur 


Clifford,  Thos.  C. 


ASSOCIATE 

Peabody,  George  L.  Jr. 


JUNIOR 

Harton,  Elliott  Erskine  Stattenfield,  H.  H. 

prir’  p°bt'  .Ash  Supplee,  Charles  W. 

Phillis,  Wm.  Avery  Wilson,  Edgar  Hamilton  Jr. 

Applications  for  membership  in  the  Society  were  received  from 
Society  S*nt  emen’  and  tl,eir  names  ordered  published  to  the 

Dean,  Ellsworth  Riddle,  Lawrence  E. 

tynesehe,  Joseph  Albert  Smith,  Walter  Lynes 

Luce,  Wilson  Ayres  Stalknecht,  August  Charles 

A  request  for  reinstatement  in  the  Society  was  received  from 
Clay  Sprecher,  Pittsburgh  Mgr.,  The  C.  &  G.  Cooper  Company,  who 
joined  the  Society  May  1905,  resigned  April  6,  1907.  His  name  was 
oidered  replaced  on  the  Society  Rolls. 

The  Secretary  retired  from  the  meeting  while  the  matter  of 
e  ec  ion  o  a  ecretary  for  the  ensuing  year  was  considered.  Elmer 
.  Hiles  was  re-elected  Secretary  of  the  Society. 

Jhe  .rep0[t ,®f  ‘I16  Secretary  showing  the  financial  condition  of 

Society  at  the  close  of  business  January  1st,  1914  having  been 
previously  audited  by  the  Finance  Committee  w  approved 

The  meeting  adjourned  at  5:25  P.  l\r. 

Elmer  K.  Hiles, 

Secretary 
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regular  monthly  meeting 

w-£  pngineers’ Socirty  of 

ing,  ratsbu.gh,  Tuesday,  March  17th. '  ,9 if  at  T20  ?**£  ^ 
Preset  A.  Stucki  presiding,  83  members  and 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

and  the6  receipt  £  eShTannlicT^  ^  e'eCti°n  °f  si*  Members, 

g  applications  for  membership  in  the  Society 

evening  o^^llghSusTllS  bef°re  ^  S°ciet-V’  the  pa',er  of  «“ 

President,  MalefhTa^  fflassTo  **  '  Macbeth’ 

cussion  nf  tho  ~  1  ,  °  ass  Lo-’  which  was  followed  bv  a  dis- 

lenses  by  Harry  ^  Ho  e°r>p  entenng  into  the  design  of  lighthouse 

Of  Technology^  Pr°feSS°r  °f  Physi<*>  Carnegie  Institute 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

EngineerJ^^dety1  ^'^^e^lpernisjdvanla^'was^hehl  fn  Ihe"  ^  -‘J* 
Rooms,  Oliver  Buildino-  *r‘  ,  0  1  ne  ^  ln  *'ie  Society 

pi  .  Ulidm6>  I  uesday,  March  3rd,  1914,  at  8-°0  P  \r 

Sssr  w‘"““ E  82  «■*-  js 

c— l,  sss  c  Erg,* n"'v- 

The  ensuing  discussion  was  participated  in  bv  W  F  vnM 

U mSD Buref  nefr,T\rlttSbUugh  5  Ge°.rge  S*  Ric?’  Chief  lining  Engineer! 
Prof  S  T  r°/i  ,  Robert  Linton,  Mining  Engineer,  Pittsburgh* 
Froi.  b.  L.  Goodale,  University  of  Pittsbure-h  •  W  r  \  o-  1 1  rT  ' 

eral  Supt.,  Bessemer  Coke  Co.:  and  Mr  Finty.  Gen‘ 

The  meeting  adjourned  at  10:00  o'clock. 

Elmer  K.  Hiles, 

Secretary. 
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BOARD  OF  DIRECTION 


The  minutes  of  the  last  regular  meeting  held  February  16th  were 


read  and  approved. 


The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  e  - 
ruary  16th,  were  duly'  elected  to  membership . 


MEMBER 


Riddle,  L.  E. 
Smith,  W*  L. 
Stalknecht,  A.  C. 


Dean,  Ellsworth 
Knesche,  J.  A. 
Luce,  W.  A. 


Applications  for  membership  in  the  Society  were  received  from  the 
following  gentlemen,  and  their  names  ordered  published  to  the  Society : 


Kortlandt,  K.  L. 
Mann,  H.  B. 
Murdoch,  Harry 
Wysor,  R.  J. 


Berg,  J.  D. 
Cresswell,  G.  M. 
Edge,  Dexter 
Henderson,  David 


The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  February  28th,  1914,  having  been 
previously  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  presented  a  letter  from  the  Executive  Officers  of 
the  Sixth  International  Congress  of  Mining,  Metallurgy,  Engineering, 
and  Practical  Geology,  extending  an  invitation  to  the  Enpneers  o- 
ciety  of  Western  Pennsylvania  to  participate  officially  in  the  pro¬ 
ceedings  of  the  Congress.  After  discussion,  the  Secretary  was  re¬ 
quested  to  acknowledge  the  invitation,  advising  that  delegates  would  be 


named  later. 

The  meeting  adjourned  at  4:50  P.  M. 


Elmer  K.  Hiles 


Secretary. 
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REGULAR  MONTHLY  MEETING 

The  336th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  Tuesday,  April  21,  1914,  at  8:20  P.  M.,  President  A. 
n.  Kaymer  presiding,  215  members  and  visitors  being  present. 

The  minutes  ot  the  last  regular  meeting  were  read  and  approved. 

Ihe  Board  of  Direction  reported  the  election  of  four  Members, 
one  Associate  Member,  one  Associate  and  two  Juniors  to  membersliip 
m  the  Society,  and  the  receipt  of  fifteen  applications  for  membership, 

together  with  two  applications  for  transfer  to  higher  grade  of  mem- 
bersliij)  in  the  Society. 

No  further  business  coining  before  the  Society,  the  paper  of  the 
evening  on  “Tests  of  a  Large  Reversing  Engine  and  Rolling  Mill”  was 
read  by  Karl  Nibecker,  Steam  Engineer,  Youngstown  Sheet  and  Tube 
Company,  Youngstown,  Ohio. 

The  ensuing  discussion  was  participated  in  by  Charles  Fitzgerald, 
Jr.,  Asst.  Steam  Engr.,  Duquesne  Works,  Carnegie  Steel  Company; 
M.  F.  McConnell,  Supt.,  Mingo  Works,  Carnegie  Steel  Company, 
Mmgo  Junction,  Ohio;  C  L.  W.  Trinks,  Professor  of  Mechanical  En¬ 
gineering,  Carnegie  Institute  of  Technology;  C.  A.  McCollum,  Ex¬ 
perimental  Engineer,  Homestead  Works,  Carnegie  Steel  Company; 

J  ulian  Kennedy,  Consulting  Engineer,  Pittsburgh ;  H.  C.  Siebert,  Steam 
Engineer,  Duquesne  Works,  Carnegie  Steel  Company;  L.  Iversen, 
Chief  Engineer,  Mesta  Machine  Company,  Pittsburgh;  F.  E.  Leahy 
Asst.  Steam  Engineer,  National  Tube  Company,  McKeesport.  Pa  ; 
J.  C.  Hobbs,  Steam  Engineer,  Duquesne  Light  Company,  Pittsburgh; 
A.  Stucki,  Consulting  Engineer,  Pittsburgh;  W.  C.  Coryell,  Asst.  Pro¬ 
fessor  Steel  Works  Engrg.,  Carnegie  Institute  of  Technology,  and  Mr 
Nibecker. 

The  meeting  adjourned  at  10:45  P.  M. 

Elmer  K.  Hiles,  Secret  a  rtf. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Soviet  v 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  March  30,  1014  at  8:20 

P.  M.,  Chairman  John  A.  Hunter  presiding,  02  members  and  visitors 
being  present. 


The  minutes  of  the  last  regular  meeting  held  were  read  and  ap¬ 
proved.  ' 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening  on  “Hydraulic  Mining”  was  presented  by  Howard  W.  DuBois 
Consulting  Mining  Engineer,  Philadelphia. 

ensuin&  discussion  was  participated  in  bv  George  S.  Rice 
C  hief  Mining  Engr.,  U.  S.  Bureau  of  Mines,  Pittsburgh;  M.  B.  Spauld- 
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Mgr.,  Crocker-Wheeler  Co.,  Pittsburgh;  Robert  Linton,  Consulting 
Mining  Engr.;  W.  E.  Mott,  Prof.,  Civil  Engineering,  Carnegie  Insti¬ 
tute  of  Technology;  S.  L.  Goodale,  Prof.,  Mining  Engineering,  Uni¬ 
versity  of  Pittsburgh;  B.  F.  Groat,  Hydraulic  Engr.,  Aluminum  Co.  of 
America;  A.  Stucki,  Consulting  Engineer;  W.  L.  Affelder,  Gen.  Supt., 
Bessemer  Coke  Co.;  H.  E.  Cole,  Chief  Engr.,  Harris  Pump  &  Supply 

Co. 

The  meeting  adjourned  at  10 :40  P .  M. 

•  Elmer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Thursday,  April  9th,  at  4:10  P.  M.,  Presi¬ 
dent  A.  R.  Raymer  presiding,  Messrs.  Crabtree,  Stucki,  Duff,  Hawley, 

Nielson,  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  6th  were  read 

and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  March 
6th  were  duly  elected  to  membership: 

member 

Berg,  John  D.  Mann,  Harvey  B. 

Edge,  Dexter  Wysor,  Rufus  J. 

ASSOCIATE  MEMBER 
Henderson,  David 


ASSOCIATE 

Murdoch,  Harry 
JUNIOR 

Cresswell,  George  M.  Kortlandt,  Kail  L. 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the 

Society : 

Barker,  Jesse  K.  •  Holliday,  Alexander  H. 

Bretland,  Charles  W.  Isherwood,  John,  Jr. 

Crawford,  Loyal  F.  Pickton,  Charles  F. 

Cunningham,  James  S.  Schellentrager,  Jacob  H. 

Dole,  Arthur  L.  Snyder,  William  T. 

Gillis,  Raymond  T.  Tweedy,  A.  Mellick 

Harrington,  Clinton  0.  M  einberg,  Benjamin  B. 

Schmitt,  August  J. 

Applications  for  transfer  to  higher  grade  of  membership  were 
received  from  the  following  gentlemen,  and  their  names  ordered  pub¬ 
lished  to  the  Society: 

Abbe,  Walter,  Jr.  Witte,  Herman  C. 
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A  request  tor  reinstatement  to  membership  was  received  from 
,aV1'’,S-  ,Be>y-  Manager  Accident  Prevention  Department,  Massa¬ 
chusetts  Employees  Insurance  Association,  Boston,  who  joined  the 

Society  May  1912  and  resigned  June,  1912.  His  name  was  ordered 
replaced  on  the  Society  rolls. 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  March  31st,  1914,  having  been 
previously  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  presented  a  letter  from  Philip  R.  Kellar,  Secretary, 
National  Drainage  Congress,  requesting  this  Society  to  appoint  dele¬ 
gates  to  the  Fourth  Annual  Meeting  of  the  Congress  to  be  held  in 
Savannah,  Ga.,  April  22-25,  1914. 

rw  J1?  Secreta^y  was  re9uested  to  advise  Mr.  Charles  Iv.  Lawrence, 
Chief  Engineer,  Central  of  Georgia  Railway,  who  resides  in  Savannah 

0  tv/  aPP01intment  as  a  delegate,  and  to  advise  either  John  N.  Chester 
or  Morns  Knowles  of  appointment  as  delegate;  the  latter  being  de¬ 
pendent  upon  which  one  attends  the  Congress. 

,  .  Tl?a  Secr<^ary  presented  a  letter  from  Flavel  Schurthoff,  Secre- 
ary’,  atl?”al  Conference  on  City  Planning,  requesting  the  Engi¬ 
neers  Society  of  Western  Pennsylvania  to  appoint  delegates  to  the 
Conference  to  be  held  in  Toronto  May  25-27  inclusive. 

The  Secretary  was  requested  to  notify  A.  W.  Crouch  and  John  S. 

lelding,  of  Toronto,  of  their  appointment  as  delegates  from  the  So¬ 
ciety. 

The  meeting  adjourned  at  5:45  P.  M. 

Elmer  Iv.  Hiles, 

Secretary. 
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regular  monthly  meeting 


Western  PennsyNant"  “Is" hold  Tnthf  Lecture  naft^mC^  °f 
Library,  Wednesday,  Way  13th.  1014  at  8-15  P  M  il  a  ®"!!gle 
R.  Raymer  presiding,  500  members  and  visitors  '  being^'preLft 

read  and  approved^  ^  regU'ar  meeti,lg  held  APril  21st,  were 

two  Associate  Membere^T  Associate  four  Jun°"  °f  T*"  Members, 
Junior,  to  membershiD  in  Hip  q  •  /  Juniors,  and  one  Student- 

plications  for  membership  an<1  the  ,eeeiP‘  of  “ven  ap- 

evening  ^ u't  “,e  Society’  the  P»l>er  of  the 

River  and  its  Tributaries”  was  ^ad  b^Sir^Vffi'^W^ 

suiting  Engineer,  Cairo,  Egypt.  '  ‘  William  W  illcoeks,  Con- 

The  meeting  adjourned  at  10:15  o’clock. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

Engineere^Sodety 1  of  "^Western*  PeimsyNania  ^was^hehl  in^the"  S°^  ‘  t  * 

fa-v  5’>14  at  8:20 "  M-  ci^m  • 

m  a.  Mott,  piesiding,  sixty  members  and  visitors  being  present 
wereTrtd“  °pro^.laSt  ^  ""■*»  "eld  “arch  3rd,  1914 

No  further  business  coming  before  the  Section  ti,„ 
the  evening  on  “Theory  and  Practice  in  Writing  u  xi-  ‘  .  pap*r  of 

S  of  PittsburghergUS°n’  Engineer’  B“reau  of  Baild^  Cectbrn 
MechThEntrSUiH  ifpTrter  r“  1°  by  Richard  Hirsch, 

!;  fs A,,;„Xd  22S,  SS3, 

Dunnells,  AreMtSTffl&^fT'wfiS^  BW^'lnsjSr  ‘  hid,0,' 
Commission  of  Wisconsin;  Virgil  G  Marin,'  r,.,,!  ’-  ,,  (nal 

ftS*  °“f,  »• *  wai  1SZ?<S5?7„  et 

Blackall,  Architect,  Boston,  Mass. ;  and  John  A .  Pergiison 
The  meeting  adjourned  at  10:30  P.  M. 

Elmer  K.  Hiles, 

;  I  ’ 

Secretary. 
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METALLURGICAL  AND  MINING  SECTION 

The  regular  bi-monthly  meeting  of  the  Metallurgical  &  Mining 
Section  of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Society  Rooms,  Oliver  Bldg.,  Pittsburgh,  Tilda},  May  -9,  191  , 
at  8:20  P.  M.,  Dr.  John  S.  Unger  presiding,  50  members  and  visit¬ 
ors  being  present. 

The  election  of  officers  for  the  Section  was  proceeded  with, 
the  following  officers  being  elected  for  the  year  1914: 

Chairman,  John  S.  Unger 
Vice  Chairman,  Geo.  S.i  Rice 
Directors 

Frank  S.  Slocum  Wm*  E*  E?hl 

S.  A.  Taylor  Cameron  C.  Smith 

F.  N.  Speller  S-  L-  Goodale 

The  Chairman  was  requested  to  appoint  a  committee  to  prepare 
and  present  at  the  next  meeting  By-Laws  to  govern  the  work  of  the 

Section.  .  „ 

No  further  business  coming  before  the  Section,  the  paper  o 
the  evening  on  “Progressive  Alteration  of  Coals  of  the  Northern  Ap¬ 
palachian  Fields”  was  presented  by  Dr.  David  White,  Chief  Geologis  , 
U.  S.  Geological  Survey,  Washington,  D.  C. 

The  meeting  adjourned  at  10:30  P.  M. 

TTWrin?  TTtt.f.s.  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  m  the  Society 
Rooms,  Oliver  Building,  Friday,  May  8,  at  4:10  P  M  Vice  President. 
A.  Stucki  presiding,  Messrs.  Snyder,  Duff,  Taylor,  Nielson,  Hoerr,  and 

the  Secretary  being  present.  # 

The  minutes  of  the  last  regular  meeting  held  April  9th  were  rea 

and  approved.  e 

The  application  of  the  following  gentlemen  having  been  regular  y 
published  to  the  Society  pursuant  to  the  action  of  the  Boar  on 
April  9th,  were  duly  elected  to  membership: 

MEMBER 

Bretland,  Charles  W.  Harrington,  Clinton  O. 

Crawford,  Loyal  F.  Pickton,  Charles  F. 

Cunnihgham,  James  S.  Snyder,  M  llham  T. 

Tweedy,  A.  Mellick 

ASSOCIATE  MEMBER 

Dole,  Arthur  L.  Holliday,  Alexander  H. 

ASSOCIATE 
T^artrpr.  .Tpsse  K. 
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JUNIOR 

Isherwood,  John,  Jr.  Schmitt,  August  J. 

Schellentrager,  Jacob  H.  Weinberg,  Benjamin  B. 

STUDENT  JUNIOR 

Gillis,  Raymond  T. 

Requests  for  transfer  to  higher  grade  of  membership  in  the 
Society  were  granted  as  follows: 

Walter  C.  Abbe,  Jr.,  was  transferred  from  t lie  Junior  to  the 
grade  of  Member. 

Herman  C.  Witte  was  transferred  from  the  Student  Junior  to 
the  grade  of  Junior. 

Requests  for  reinstatement  to  membership  in  the  Society  were 
received  from:  D.  H.  Chester,  Vice  Pres.,  Alberger  Pump  &  Con¬ 
denser  Co.,  who  joined  the  Society  February  21,  1899,  and  J.  F. 
Johnson,  Engineer,  Pittsburgh  Plate  Glass  Co.,  who  joined  the  Society 
in  June  1904.  Their  names  were  accordingly  ordered  replaced  on 
'  the  Society  rolls. 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen,  and  their  names  ordered  published  to  the 
Society : 

Barnsley,  George  T.  Tversen,  Lorenz 

Chandler,  Willard  P.,  Jr.  Koch,  Carleton  S. 

Cunningham,  John  J.  Reinhardt,  Gustav  A., 

Siebert,  Hermann  * 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  April  30th,  1914,  having  been 
previously  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  read  the  following  letter  from  the  family  of  our 
lamented  Past  President,  Thomas  H.  Johnson : 

“Engineers’  Society  of  Western  Pennsylvania, 

Pittsburgh. 

Dear  Sirs: 

My  mother,  brother,  sister  and  myself  desire  to  express  to  the 
members  of  the  Society  our  very  deep  appreciation  of  its  sincere 
sympathy  to  us,  the  familv  and  loved  ones  of  your  fellow  member 
Mr.  Thomas  H.  Johnson. 

We  know  full  well  the  honor  you  bestowed  was  all  for  him  we 
loved,  but  we  certainly  appreciate  it  none  the  less,  but  rather  ten 
fold  more. 

We  thank  you  most  gratefully  for  the  wonderful  basket  of 
American  Beauty  roses  which  came  as  a  final  tribute  to  your  Past 
President  and  my  Father. 

Assuring  the  members  that  we  shall  always  have  in  our  hearts 
a  waim  spot  for  the  Engineers’  Society  of  Western  Pennsylvania,  T  am 

Very  sincerely, 

April  23rd,  1914.  Bessie  D.  Johnson.” 

The  meeting  adjourned  at  5:30  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING. 

The  338th  regular  monthly  meeting  of  the  Engineers’  Society  of 

Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Bldg., 

Pittsburgh,  Tuesday,  June  16,  1914,  at  8:15  P.  M.,  President  A.  R. 

Raynier  presiding,  110  members  and  visitors  being  present. 

Minutes  of  the  last  regular  meeting  held  Mav  13,  1914,  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  four  members, 
one  Associate  member,  one  Junior  and  one  Student  Junior  to  mem- 

membTrship  ^  reCe'pt  °f  three  “PP^tions  for 

No  further  business  coming  before  the  Society  the  paper  of  the 
evening  on  Air  m  Jet  Condensers”  was  presented  by  C.  L.  W.  Trinks, 
Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology. 

The  ensuing  discussion  was  participated  in  by  Karl  Nibecker, 
Steam  Engr.,  Youngstown  Sheet  &  Tube  Co.;  W.  E.  Snyder,  Mech. 
Engr.,  American  Steel  &  Wire  Co. ;  A.  L.  Hoerr,  Steam  &  Hydr.  Engr 
National  Tube  Co. ;  Nathan  Owitz,  Engr.,  Wheeling  Engineering"  & 
Condenser  Co  ;  Mr  J.  B.  Shatzer,  Engineer,  Schutte  &  Koerting  Co.; 

TrinksRUSh’  DlSt  Mgr-’  Kerr  St6am  Turbine  Co-i  and  Prof.  C.  L.  W. 

The  meeting  adjourned  at  10:40  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION. 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
ngmeers  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Bldg.,  Pittsburgh,  at  8:30  P.  M.,  Chairman  John  A. 
Hunter  presiding,  86  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  30th,  1914 
were  read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Principles  and  Details  Involved  in  Moving  Large  Struc- 

tures  was  presented  by  George  W.  Nichols,  Engineer,  John'  Eichleay 
Jr.  Co.,  Pittsburgh.  J 

The  ensuing  discussion  was  participated  in  by  A.  Stucki,  Cons, 
engineer;  H.  R.  Thayer,  Professor  of  Structural  Engineering,  Car¬ 
negie  Institute  of  Technology;  Emil  Banenhauer,  John  Eichleav  Jr 
Co.;  Hermann  Laub,  Cons.  Engineer;  T.  J.  Wilkerson,  Div.  Ermr. 
Bureau  of  Bridges,  City  of  Pittsburgh;  and  George  W.  Nichols 
The  meeting  adjourned  at  10:25  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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BOARD  OF  DIRECTION. 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers*  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Bldg.,  Monday,  June  1st,  at  4:10  P.  M.,  President  A. 
R.  Raymer  presiding;  Messrs.  Crabtree,  Stueki,  Duff,  Hawley,  Snyder, 
Taylor  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  8th  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  have  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  April 
9th  were  duly  elected  to  membership: 

member. 

Iverson,  Lorenz  Reinhardt,  Gusta\  A. 

Koch,  Carleton  S.  Siebert,  Hermann 

ASSOCIATE  MEMBER. 

Chandler,  Willard  P. 

JUNIOR. 

Barnsley,  George  T.  Jr. 

STUDENT  JUNIOR. 

Cunningham,  John  J. 

Applications  for  membership  were  received  from  the  following 
gentlemen  and  their  names  ordered  published  to  the  Society: 

Sherman,  Max  C.  Snelling,  Walter  0. 

Walton,  M.  R. 

A  report  for  the  House  Committee  was  presented  by  W.  C.  Hawley, 
Chairman,  recommending  that  the  Secretary  be  authorized  to  purchase 
ten  or  fifteen  additional  book-cases  and  also  to  have  a  number  of  chairs 
in  the  Auditorium  reseated  before  the  coming  season. 

An  informal  report  of  the  work  of  the  Committee  on  Engineering 
Education  was  presented  by  Samuel  E.  Duff.  The  Committee  was 
thereupon  authorized  to  proceed  with  making  awards  in  the  competition 
just  closed  and  to  advise  the  various  schools  interested  that  the  Society 
will  continue  the  competition  during  the  coming  year,  presenting  prob¬ 
lems  in  the  fields  of  Civil,  Mechanical  and  Electrical  Engineering  and 
other  fields  if  the  Committee  deems  it  advisable.  The  Committee  were 
also  authorized  to  extend  the  list  of  schools  to  be  invited  to  participate 
in  the  competition. 

The  meeting  adjourned  at  5:30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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SPECIAL  MEETING 

A  special  meeting  of  the  Engineers’  Society  of  Western  Pennsyl- 
ama  was  held  in  the  Society  Rooms,  Oliver  Building,  Pittsburgh 
Monday,  October  12,  1914,  at  8:20  P.  M„  President  Albert  R  Raymer 
presiding,  99  members  and  visitors  being  present.  7 

with.The  readmg  °f  the  minutes  the  previous  meeting  was  dispensed 

was  !lnidef  ^aymer  addressed  the  meeting  stating  that  the  meeting 
was  called  to  discuss  the  subject  as  to  whether  it  was  desirable  to 

require  engineers  to  take  out  a  license  to  practice  and  to  discuss  the 

provisions  of  a  proposed  law,  copies  of  which  had  been  mailed  to 

members  of  the  Society.  Mr.  Raymer  further  stated  Uiat  a  pubhc 

hearing  would  be  held  in  the  Society’s  Auditorium  by  the  Engineers’ 

Commission  on  Thursday,  October  loth  at  10:00  A.  M.  and  2:00  P.  M. 

posed  hbmSeCletary  WaS  requested  t0  read  the  Provisions  of  the  pro- 

Emril^r  Ra?mer  I!queBted  Mr'  S-  A-  Taylor,  a  member  of  the 
fore  “he  meet i^1SS1°n’  PreSent  ^  W°rk  °f  the  C°mmission  be- 

The  ensuing  discussion  was  participated  in  by  Messrs  E  C 
Brown,  Geo  H.  Barbour,  W.  W.  Macfanen,  Edward'  Godfrey,  Henry 
D.  James,  John  A^Ferguson,  Thos.  R.  Cook,  Robt.  Linton,  — i  Eaton 

R  MOtt’  A‘bert  Kingsbury,  j.’j.  Shuman 

and  wT  Thomas  8an’  "  B'Um’  E'mer  K'  Hiles’  A'  St“<* 

The  following  motion  was  made  and  seconded: 

That  it  is  the  sense  of  this  meeting  that  it  is  not  considered  ad- 
visable  or  necessary  to  license  engineers  in  this  State. 

After  discussion  this  motion  was  passed  practically  unanimously 
'here  being  one  dissenting  vote.  animousiy, 

The  meeting  adjourned  at  10:35  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 
September  29th,  1914 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
ngmeers  Society  of  \\  estern  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Bldg.,  Tuesday,  Sept.  29th,  1914  at  8:20  P.  M.  Chair¬ 
man  Wm.  E.  Mott  presiding,  60  members  and  visitors  being  present 
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The  minutes  of  the  last  regular  meeting  held  May  5,  1914  were 
read  and  approved. 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening  on  “Constructive  Features  of  the  North  Side  Reservoir  of  the 
Water  Works  of  the  City  of  Pittsburgh”  by  Messrs.  E.  E.  Lanpher 
and  John  S.  Cole  was  read  by  Mr.  Lanpher. 

The  ensuing  discussion  was  participated  in  by  Mr.  Louis  P.  Blum, 
Civil  Engineer;  Mr.  J.  M.  T.  Rice,  Civil  Engineer;  Mr.  John  A.  Fer¬ 
guson,  Engr.,  Bureau  of  Building  Inspection;  Mr.  H.  H.  Rankin, 
Civil  Engineer;  Mr.  S.  S.  Fuller,  Supt.  Construction  J.  F.  Casey  Con¬ 
tracting  Co.,  and  Mr.  Lanpher. 

The  meeting  adjourned  at  10:15  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Thursday,  Sept.  10th  at  4:00  P.  M.,  President  A.  R.  Raymer 
presiding;  Messrs.  Haslam,  Duff,  Stneki,  Nielson,  Taylor,  Hoerr,  and 
the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  June  1st  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  June 
1st,  were  duly  elected. 

MEMBERS 

Snelling,  W.  0.  Walton,  M.  R. 

JUNIORS 

Sherman,  M.  C. 

A  request  was  received  from  Theodore  H.  Schoepf  foi  rein¬ 
statement  in  the  Society.  The  Secretary  was  authorized  to  leplace 
Mr.  Schoepf’s  name  on  the  Society  rolls. 

Applications  for  membership  were  received  from  the.  following 
gentlemen  and  their  names  ordered  published  to  the  Society.  The 
assignment  to  the  various  grades  of  membership  is  as  follows . 

ASSOCIATE  MEMBER 

Weaver,  George  H. 

ASSOCIATE 

Marks,  H.  E. 
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Sheldon,  Wm.  J. 


JUNIORS 

Voelker,  Aloys  A. 


Smith,  Rupert  V. 


The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  July  31st,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  read  a  letter  from  Chas.  Warren  Hunt,  Secy,  of 
the  American  Society  of  Civil  Engineers,  including  a  series  of  reso- 
luhons  adopted  by  the  Board  of  Direction  of  that  Society  upon  the 
death  of  Alfred  Noble.  The  letter  further  advises  that  the  American 
Society  of  Civil  Engineers  are  initiating  a  plan  for  the  erection  of  a 
permanent  memorial  to  Alfred  Noble,  to  be  erected,  probably,  in  the 
City  of  Washington.  A  committee  has  been  appointed,  consisting  of 

Onward  Bates,  Chicago,  Ill.,  Chairman 

Robert  Moore,  St.  Louis,  Mo. 

Samuel  Rea,  Philadelphia,  Pa. 

Samuel  II.  Hedges,  Seattle,  Wash. 

F.  H.  Newell,  Washington,  D.  C. 

Charles  Warren  Hunt,  New  York  City,  Secretary. 

The  letter  states  that  ‘‘The  Committee  desires  to  enlist  your  pres¬ 
ent  sympathy  in  the  movement  and  your  future  aid  in  carrying  it  out 
y  bringing  it  to  the  attention  of  the  members  of  your  organization 
whenever  the  details  have  been  so  far  worked  out  that  they  may  be  laid 
before  you.”  The  Secretary  was  duly  authorized  to  reply  further  to 
Mr.  Hunt,  expressing  the  sympathy  of  the  individual  members  of  the 
Board  with  this  movement  and  advising  that  when  the  Committee  have 
the  details  worked  out,  we  will  be  glad  to  assist  in  bringing  the  matter 
to  the  attention  of  the  members  of  the  Society. 

Mr.  Samuel  A.  Taylor,  a  member  of  the  Commission  appointed 
by  Gov.  Tener  to  examine  into  the  advisability  and  report  to  him  re¬ 
garding  the  matter  of  licensing  engineers  of  all  descriptions  through¬ 
out  the  State  of  Pennsylvania,  introduced  the  matter  of  the  proposed 
law  and  advised  that  the  Commission  had  drawn  up  a  tentative  form 
ior  the  law  for  presentation  to  the  Governor  with  its  report,  but  desir¬ 
ed,  before  presentation,  to  hold  a  public  hearing  in  Philadelphia. 
Harrisburg  and  Pittsburgh,  prior  to  presenting  a  report  to  the  Gov¬ 
ernor.  Mr.  Taylor  further  advised  that  the  Commission  desired  to  hold 
a  public  hearing  in  Pittsburgh  in  the  rooms  of  the  Engineers’  Societv, 
which  request  was  granted  and  that  the  Commission  would  supply  Mr. 
Taylor  with  about  2500  copies  of  the  proposed  law  for  distribution  to 
engineers  in  the  Pittsburgh  District. 

After  discussion,  Mr.  Taylor  was  requested  to  advise  the  Com¬ 
mission  that  the  Board  of  Direction  take  pleasure  in  extending  to  them 


34  PROCEEDINGS  ENGINEERS ,  SOCIETY  WESTERN  PENN  A. 

the  use  of  the  Society  Rooms  for  public  hearing  and  also  to  advise  the 
Commission  that  in  view  of  the  non-receipt  of  the  copies  of  the  pro¬ 
posed  law,  that  the  Board  believes  the  date  tentatively  set  for  the 
hearing  in  Pittsburgh,  Sept.  30th,  to  be  an  impossible  one,  in  view  of 
the  time  necessary  to  get  the  copies  of  the  proposed  law  into  the 
hands  of  the  engineers  of  the  district  and  to  hold  a  special  meeting 
of  the  Society  for  consideration  of  the  matter  prior  to  Sept.  30th. 
The  suggestion  was  made  that  the  hearing  in  Pittsburgh  be  deferred 
until  a  date  about  thirty  days  after  the  receipt  of  the  copies  of  the 

proposed  law. 

The  Secretary  was  authorized  to  mail  the  copies  of  the  proposed 
law  to  the  members  of  the  Society  and  other  engineers  in  the  district, 
upon  receiving  them  from  Mr.  Taylor. 

The  meeting  adjourned  at  5 :10  P .  M.  _ 

Elmer  K.  Hiles, 

Secretary. 
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regular  monthly  meeting 

Western  Penn^"'^  “‘"T?'  meetin^  of  the  Engineers'  Society  of 
vestern  t  ennsylvama  was  held  in  the  Society  Rooms  Oliver  nf.il  1 

mg,  Pittsburgh,  Tuesday,  Oct.  20,  1914,  at  8 :25  P.  M  President  \  R 

Raymer  presiding,  33  members  and  visitors  being  p^elT 

f  t)  16  m'!la,es  °f  last  regular  meeting  held  June  16,  1914  and 

and  approved!  °f  Swiety  hel<1  0ct  12'  19H  read 

The  Board  of  Direction  recorded  the  elp#*tir»«  rvP 

t  r r.  sis 

R  B.  Morrison,  Electrical  Engineer,  Pittsburgh  and  Lake  Erie 

EngileeV^F  p^lfT  £"  ParticiPated  in  by  A.  Stucki,  Cons, 
engineer,  H.  F.  Prichard,  Engr.,  American  Bridge  Co  •  Samuel  P 

Puff,  ConsuUmg  Engineer ;  W.  C.  Copeley,  T.  If.,  Middle’  Div.  Pelnn 
?•  R’’f-  G-  H'bben,  Illg.  Engr.,  Macbeth  Evans  Glass  Co  •  H  Kirsch’ 
berg  1  ]g.  Engineer;  W.  D.  Smoot,  Ft.  Wayne  Div.  Pennm  fines  A 
.  Cotton.  Engr.,  Motive  Power,  Penna.  R.  R.,  and  D.  P.  Morrison  " 
The  meeting  adjourned  at  10:40  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of 
Engineers’  Society  of  Western  Pennsylvania  was  held  iTli.eV'f 
Rooms,  Tuesday,  Oct.  20,  at  4 :10  P.  M.,  President  \  R  R  ^  °'  'ety 

S  D«*'  *""•  LSTS 

tt*  i-‘  •***  —“■*  >•» 

,  ,  Appll.cat,ons  of  the  following  gentlemen  having  been  published 

iNSr;tt;k  “» B”'a  “  «■<*  ■«.. 


ASSOCIATE  MEMBER 

Weaver,  George  H. 

ASSOCIATE 

Marks,  Herbert  Earle 

JUNIOR 

Smith,  Rupert  V.  Sheldon,  William  J. 

Voelker,  Aloys  A. 


36  proceedings  engineers*  society  western  penna. 

Applications  for  membership  were  received  from  the  following 
gentlemen  and  their  names  ordered  published  to  the  Society. 

MEMBER 

Bracken,  Michael  Joseph  Coryell,  William  Clayton 

Bryan,  James  Neely,  William  Reed 

Pendergrass,  Robert  Allen 

ASSOCIATE  MEMBER 

Kneass,  Jr.  Strickland  Schell,  William  Franklin 

Norris,  Edward  W.  Taylor,  Harold  Alexander 

Roberts,  Milnor  Vauclain,  Andrew  Constant 

JUNIOR 

Benson,  Frank  Robert  Hislop,  Will 

STUDENT  JUNIOR 

Love  joy,  Francis  Fleming 

The  Secretary  announced  the  death  of  the  following  members 

of  the  Society:  ,  1QQQ 

Fawell,  Joseph  Joined  March  1899 

Helander,  A.  H.  Joined  January  1909 

Sang,  Alfred  Joined  January  1907 

Boileau,  J.  W.  Joined  July  1907 

The  report  of  the  Secretary  showing  the  financial  condition  ol  the 
Society  at  the  close  of  business  August  31st,  having  been  previous  y 
audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  presented  a  letter  from  Frederic  H.  Mason,  Sec¬ 
retary  of  the  Detroit  Engineering  Society,  requesting  the  exchange 
of  library  and  house  privileges.  The  Secretary  was  requested  to  advise 
Mr.  Mason  that  we  will  comply  with  his  request.  . 

The  Secretary  read  a  letter  from  Louis  P.  Blum  referring  to  a 
recommendation  made  to  the  Board  about  eighteen  months  ago  that  a 
standard  of  measurement  be  established  in  the  City  of  Pittsburgh.  Mr. 
Blum  calls  attention  to  the  report  of  a  Committee  of  the  Western 

Society  of  Engineers  published  in  the  September  number  of  the 

journal  of  that  Society,  giving  the  details  of  the  installation  of  a 
ft  standard  measure  in  the  new  county  building  of  Chicago,,  under  t 
supervision  of  a  Committee  of  the  Western  Society  of  Engineers.  _  In 
this  letter,  Mr.  Blum  again  drew  the  Board’s  attention  to  the  desira¬ 
bility  of  our  Society  making  active  efforts  to  secure  the  installation 
of  a  100  ft.  standard  measure  in  the  new  city-county  building  abou 
to  be  erected  in  Pittsburgh. 

After  discussion,  the  President  was  authorized  to  appoint  a  com¬ 
mittee  to  examine  into  the  possibilities  in  connection  with  the  estab¬ 
lishment  of  a  standard  of  measure  in  the  City  of  Pittsburgh.  Th 

President  appointed  the  following  committee: 

Louis  P.  Blum,  Chairman  Robert  Swan  Jas.  (x.  Chaitant. 

The  meeting  adjourned  at  o  :20  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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regular  monthly  meeting 

w, P  0th  r"-  mo,"l,l-v  '"‘‘•‘ting  Of  the  Engineers’  Society  of 

Pi,,  h  re,;nSyh;ama  Was  l,eld  1,1  Society  Rooms.  Oliver  Bldg 
p  b,,reh-  T»esday.  Nov.  24.  1914  at  8:1.-,  I>.  M,  President  A  R 
Raymer  presiding.  194  members  and  visitors  being  present 

read  mtd’apprmel’  "*  'aS'  Md  <*•  20th,  1«4  were 

fi-  Ihe«"ard  °f  I,irection  reported  the  election  of  five  members 

ship’  in\‘he  wTS'  T.V . .  . . .  S""le"1  jm,ior  *"  aiember- 

Zp.  ‘  "'e  re<,e,pt  °f  Six  aPI’I*ca . -  for  member- 

No  further  business  coming  before  the  Society,  the  miner  of  the 

OlHo’lf  "l"  r'e  ‘',aS'n°ila  *  Improvement  on  the  Baltimore  and 

no  Ka,  road  was  read  by  Arthur  W.  Thompson.  3rd  Vice  President 
and  (  Inef  Operating  Official  of  the  B.  &  O.  R.  R..  Baltimore,  Md 

be  te,  dercd°Mr  ,hat  a  '"<a  "f  thanks  of  the  Society 

lrr,:;,  lea,Irous1;;::,mpS'>n’  "h“h  *ng  seconded,  was 

Die  meeting  adjourned  at  10:40  P.  M. 

Klmer  K.  Hjles, 

Secretary. 


MECHANICAL  SECTION 

Fn c7he  ?eUlar  bi"TntTh,y  meetin^  of  t,ie  Mechanical  Section  of  the 
t>  ^nec^  So«ety  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building.  Pittsburgh,  on  Monday.  November  9.  at  8-00 

being’presenTan  -  presidinff:  40  and  visitors 

read'Tnd^pp^vei.1116  ^  rW"1'"'  Wd  J,,ne  2n<1-  -ere 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evemng  on  “Steam  Turbine  Mill  Drive"  was  presented  bv  John  D 
B  A  ice  1  resident.  Dravo-Doyle  Company,  Pittsburgh.' 

The  ensuing  discussion  was  participated  in  by: 

F-  ';eah-';  Asst-  Steam  &  Hydr.  Kngr.,  National  Tube  Co  Mr- 

Kttsburgh  V  i \i  B,ewVe;.Sa,leS  A,lis  C'uihners  Mfg.  Co.. 

Pittsburgh,  A.  L.  Ahrens,  \\ estinghm.se  Klee.  &  Mfg.  c0.  Has,  Pit,, 

burg.  Pa  :  L|„,d  . . .  Asst  Chf.  Engr.,  . . .  Eng . ringA  pJJ 

Co.,  Pittsburgh:  W.  f.  Chandler,  Jr.,  Steam  Engr.,  Clairton  Works 

Carnegie  Steel  Co  Clairton.  Pa.;  H.  C.  Croncmever.  Kffi  Engr ' 

ones  &  Laughlin  Steel  Co.,  Woodlawn.’Pa. ;  J.  A.  Hunter.  Mech.  Kngr.. 
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American  Sheet  &  Tin  Plate  Co.,  Pittsburgh;  J.  S.  Albert  Resident 
Kngr.,  Southwark  Fdry.  &  Mach.  Co.,  Pittsburgh,  and  Mr.  J.  T>.  Berg. 

The  meeting  adjourned  at  10:30  P.  M. 

Elmer  lv.  Hiles, 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  o I 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  So- 
eietv  Rooms,  Oliver  Building,  Monday,  November  2,  1914  at  8 
p  m.,  Chairman  William  E.  Mott  presiding,  94  members  and 

visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  September  29th,  1914, 
were  read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evenino-  on  “The  Construction  Features  of  the  North  Side  Reservoir 
of  the  Water  Works  of  the  City  of  Pittsburgh”  by  Messrs.  E.  E. 
Lanpher  and  John  S.  Cole  was  read  by  Mr.  Lanpher.  The  ensuing 

discussion  was  participated  in  by:  ^ 

Samuel  E.  Duff,  Consulting  Engineer,  Pittsburgh;  W.  C.  Cofhn, 
Structural  Engr.,  Jones  &  Laughlin  Steel  Co.,  Pittsburgh;  Arch  I  c- 
Kinley,  Engr.,  McClintic  Marshall  Co.,  Rankin,  Pa.;  E.  W.  Pittman, 
Mgr.,'  McClintic  Marshall  Co.,  Rankin,  Pa. ;  Harry  J.  Lewis,  Consii 
ing  Engineer,  Pittsburgh;  P.  E.  Hunter,  Pres.  Independent  Bridge  Co., 
Pittsburgh,  and  R.  A.  Pendergrass. 

The  meeting  adjourned  at  10 :35  P.  M. 

Elmer  K.  Hiles, 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers  Society  of  Western  Pennsylvania  met  m  the  Society  Rooms, 
Oliver  Building,  Pittsburgh,  Monday,  November  2,  1J14,  at  . 

P  M,  President  A.  R.  Raymer  presiding;  Messrs.  Aeilson,  Jay  01, 
Duff,  Shield,  Hoerr,  Hawley,  Crabtree  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  monthly  meeting  held  October  20, 
1914,  were  read  and  approved. 

Applications  of  the  following  gentlemen  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board  on  October  -Oth, 
were  duly  elected  to  membership : 

MEMBER 

Bracken,  Michael  Joseph  Coryell,  William  Clayton 

Bryan,  James  Neely,  William  Reed 

Pendergrass,  Robert  Allen 
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- ,  ...mau  i  XliiaiiUIl 

I’aylor,  Harold  Alexander 
^  auclain,  Andrew  Constant 

Hislop,  Will 


Lose,  Janies  Edson 


ASSOCIATE  MEMBER 

i^DGsss,  Strickland,  Jr  q.l  n 

Norris,  Edward  W.  '  ^_llham  Franklin 

Roberts,  Milnor 

_  JUNIOR 

Renson,  Frank  Robert 

STUDENT  JUNIOR 

Lovejoy,  Francis  Fleming 

the  fonowing°gLtLm^e™  n!TthP' m  ^  S°Clety  were  received  from 
Society.  g  g  d  heir  names  ordered  published  to  the 

TT-  member 

Harbaugh,  Ross  Anderson  Taylor,  Charles  Francis 

ASSOCIATE  MEMBER 

Pinkham,  Frank  L. 

JUNIOR 

.  He  Gill,  Arthur  Harkins 

Rabling,  Harold 

...ditrf  k,  tk,  n„„«  a..,.,,,,,  i  wp„S”s  b”"  p™™”* 
Tn*th  <G***®*^ H'^Neilson,  ‘chairman;81'11*'  ,'°mmittee  Pre‘ 

10  tbe  President  and  Board  of  Direction 
Gentlemeif?neerS?  ^  °f  Weste™  ^Iv-ni., 

the  on  Thu,sda>-.  oct. 

Mr.  Fohl:  g  t-omimttee  being  present  with  the  exception  of 

2'i°'S.K!rr ! 

Mr.  Alex.  Hoerr.  Vice  President 
Hr.  A.  E.  Frost,  Treasurer 
Mr.  John  Unger  / 

Mr.  William  Hoopes  I  H«»ard  of  Direction 
Yours  truly, 

Georee  H  V  '1  DOMINATING  COMMITTEE 
Robert  A'  r  °n'  ba,rman'  William  A.  Bole, 

Mr.  SAT  ,  ,ngS'  Ge°rge  W-  Hutchinson, 

a  true  meridian  in'pitts'burgh'and  aft  m3}ter  °f  the  establishment  of 

The  meeting  adjourned  at  4:57  P.  M  chairman. 

Elmer  K.  Hiles, 

Secretary. 
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Western  ptnnsy^nfa  "Theld  Kngineere’ 

Pittsburgh,  Tueilav  Del  If,  l^lOlVat  £?£  S°T  P^, 

Stuehi  presiding,  176  members  and' visits  hei£’  * 

were  read"  and  "approved".  regU'ar  he'd  Nov'  24th-  lf)H 

and  I!!:  assoefate^and' tt!ree  the  e,erti™>  °f  tw°  “embers 

reinstatement  ofonT^Tr  S 

cations  for  membership.  xe  aPP^1_ 

No  further  business  coming  befm-P  tho  *1 

evening  on  “Possibilities  in  T  i  •  ,  e  y’  the  paper  of  the 

Frederick  Henius  “  TW,Weal  Ph°‘oe>apby”  was  read  by 

The  meeting  adjourned  at  10:45  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

EngiwTo'cTetvTw^  mee“ng  °f  the  Meehanieal  Section  of  the 
RooC  Oliver  Bld^  "  held  in  the  Society 

8*15  P  M  pi  •  0,1  Monday  evening,  Dec.  1st  at 

visitore  being'presen""  ^  ^  H”ter  **»  -mbers  and 

No  further  business  coming  before  the  Seeiinn  tlm 
evenmg^n  “Recent  Developments  in  the  Heat  Treatment  of  Gemdng” 

bv  T  ’dH't  PhP  ?S’  Metallurgist  of  the  R.  D.  Nuttall  Co.,  was  read 
.  ’•  D.  Lynch  in  the  absence  of  Mr.  Phillips,  who  was  seriously  ill 

n  F  he.e°su“S  discussion  was  participated  in  bv  Messrs.  A  Stuck! 

Ha.dv  s  fV  '  L‘  J,en:  S'  M'  Rod^s,  G.  M.  Eaton,  James  0 

H.  p:  Tiemann'TndS°T' D.  &  ^  ^  R' 

The  meeting  adjourned  at  10:45  p.  M. 

Elmer  K.  Hiles, 

Secret  arv. 

%/ 


BOARD  OF  DIRECTION 

vn  .Tlle  ™gul*r  monthIy  meeting  of  the  Board  of  Direction  of  the 
Engineers  Society  of  Western  Pennsylvania  was  held  i„  the  So.-ieiv 

PresTdl?  TrR  I' '  Pittatal»h.  Monday,  Dec.  7.  1914,  at  4:15  P.  m!, 
pr_K,  q,  "  .R:  5,  ymer  presiding;  Messrs.  Neilson,  DufT.  Hawlev 
Crabtree,  Stucki,  Frost  and  the  Secretary  being  present. 
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The  minutes  of  the  last  regular  meeting  held  Nov.  2,  1914,  were 
read  and  approved. 

Applications  of  the  following  gentlemen  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board  on  Oct.  20th,  were 
duly  elected  to  membership: 

MEMBER 

Harbaugh,  Ross  Anderson  Taylor,  Charles  Francis 

ASSOCIATE  MEMBER 

Pinkham,  Frank  L. 

JUNIORS 

Lose,  James  Edson  McGill,  Arthur  Harkins 

Rabling,  Harold 

Applications  for  membership  in  the  Society  were  received  from 
the  following  gentlemen  and  their  names  ordered  published  to  the 
Society : 

MEMBER 

Bate,  Harley  A.  Neal,  Albert  Durant 

Davis,  William  Arthur  Williams,  Homer  D. 

JUNIOR 

Heath,  John  Russell 

A  request  for  reinstatement  to  membership  in  the  Society  was 
received  from  Reinhardt  Daae,  who  joined  the  Society  Sept.,  1902, 
and  resigned  March,  1904.  The  Secretary  was  authorized  to  replace 
Mr.  Daae’s  name  on  the  society  rolls. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  Oct.  31st  having  been  previously 
audited  by  the  Finance  Committee  was  approved. 

The  Secretary  reported  the  death  of  J.  H.  Thompson,  who  joined 
the  Society  Jan.,  1903,  and  died  Mar.  12,  1913. 

The  Secretary  introduced  the  matter  of  the  appointment  of  a 
committee  on  Standardizing  Tests  for  Reversing  Engines  and  Rolling 
Mills.  After  discussion,  the  President  of  the  Society  was  authorized 
to  appoint  such  a  committee. 

The  Board  of  Direction  finally  passed  upon  the  eligibility  of  all 
nominees  as  presented  in  the  report  of  the  Nominating  Committee  in 
accordance  with  the  requirements  of  the  By-Laws. 

The  meeting  adjourned  at  5:07  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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American  Engineer. 

American  Society  of  Civil  Engi¬ 
neers,  Proceedings. 

American  Society  of  Mechanical 
Engineers,  Proceedings. 
American  Water  Works  Associa¬ 
tion,  Bulletin. 

American  Railway  Engineering 
and  Maintenance  of  Way  Asso¬ 
ciation,  Bulletin. 

Appleton’s  Magazine. 

Analyst,  The. 

Annales  de  L’Association  des  In- 
genieurs  de  Grand. 

Annaes  Scientificos  de  Academia 
Polytechnia  Porto. 

Anales  de  la  Sociedad  Cientifica 
'Argentina. 

Bi-Monthly  Bulletin  of  Amer.  In¬ 
stitute  of  Mining  Eng. 

Blast  Furnace  and  Steel  Plant. 
Building  Management. 

Canadian  Electrical  News. 

Cassier’s  Magazine. 

Chamber  of  Mines,  Monthly  Jour¬ 
nal  of  the 
Chemical  News. 

Coal. 

Coal  Trade  Bulletin. 

Cold  Storage  and  Ice  Trade  Jour¬ 
nal. 

Compressed  Air. 

Concrete. 

Contractor  The. 

Cornell  Civil  Engineer. 

Electric  Journal. 

Electric  Railway  Journal. 

Electrical  Review. 


Electrical  World. 

Energy. 

Engineering. 

Engineering  Magazine. 
Engineering  &  Mining  Journal. 
Engineering  News. 

Engineering  Record. 

Engineering  Review. 

Engineering— Contracting. 
Engineers’  Club  of  Philadelphia 
Proceedings. 

Engineering  Journal,  Canada 
Engineering  Digest. 

Forum. 

Foundry. 

Gas  Industry. 

Harvard  Engineering  Journal. 
Heating  &  Ventilating  Magazine. 

Illuminating  Engineer. 

Industry. 

Industrial  Engineering. 

Industrial  Magazine. 

Industrial  World. 

Insurance  Engineering. 

Iron  Age. 

Iron  Trade  Review. 

Journal  of  the  American  Society  of 
Naval  Engineers. 

Journal  of  the  Association  of  En¬ 
gineering  Societies. 

Journal  of  the  Franklin  Institute. 
Journal  of  the  Society  of  Arts. 
Journal  of  the  Society  of  Chemical 
Industry. 

Journal  of  the  U.  S.  Artillery. 
Journal  of  the  Western  Society  of 
Engineers. 


Les  Mois  Scientifique  et  Industrial. 
Leslie’s  Weekly. 

Locomotive. 

Maschinen  Kronstrukteur. 
Mechanical  World. 

Metallurgical  &  Chemical  Engi¬ 
neering. 

Mexican  Mining  Journal  The. 

Mines  &  Minerals. 

Monthly  Journal  of  the  Chamber 
of  Mines. 

Municipal  Engineering. 

National  Engineer. 

Natural  Gas  Journal. 

Official  Gazette  U.  S.  Patent  Office 
(Wash.) 

Official  Journal,  Patents,  (London). 
Ores  and  Metals. 

Outlook. 

Physical  Review. 

Proceedings  of  the  Engineering 
Association  of  the  South. 

Power. 

Practical  Engineer. 

Proceedings  of  the  Amer.  Institute 
of  Electrical  Engineers. 
Proceedings  of  the  Academy  of 
Natural  Science. 

Progressive  Age. 


Railway  &  Engineering  Review. 
Railway  Age  Gazette. 

Railway  Engineering. 

Review  of  Reviews. 

Revista  de  Construciones  Y  Agri- 
mensura. 

Revista  de  Obras  Publicas  E 
Minas. 

Revue  de  L’lgenieur  et  Index 
Technique. 

Scientific  American. 

School  of  Mines  Quarterly. 
Scientific  American  Supplement. 
Scribner’s  Magazine. 

Sibley  Journal  of  Engineering. 
Society  of  Chemical  Industry. 

St.  Louis  Railway  Club. 

Technical  Index. 

Technical  Literature. 

Technologist. 

Technology  Quarterly. 

Technology  Review. 

Teknisk  Tidskrt. 

Transactions  of  the  Liverpool, 
Eng.  Society. 

University  of  Illinois  Bulletin. 

Western  Electrician. 

Western  Railway  Club. 


Space  in  the  “Proceedings”  will  be  given  to  members  desiring  in¬ 
formation  of  an  engineering  nature. 


Members  can  have  their  Proceedings  bound,  at  $1.00  per  volume. 
Send  your  unbound  volumes  to  the  Secretary. 


Proceedings  of 


The  Engineers'  Society 

of 

Western  Pennsylvania 


Vol.  30 


January,  1915 


No.  10 


PAGE 

The  Trend  of  Modern  Blast  Furnace  Construction.  .935 

BY  A.  E.  MACCOUN 

Tower  Foundations  for  the  Cristobal-Balboa 

Transmission  Line  .  973 

BY  IRA  W.  DYE 


Possibilities  in  Technical  Photography 

BY  FREDERICK  HENIUS 

Necrology  . . . 


.991 

1003 


APPENDIX 

...41-42 

. 7 

.13-15-17 


Minutes  of  Meetings 
Alphabetical  Advertising  Index 
Classified  Advertising  Index 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA 

INCORPORATED  1880 


OFFICERS  FOR  1914 


PRESIDENT 
ALBERT  R.  RAYMER 


A.  STUCKI 


VICE  PRESIDENTS 

SAMUEL  E.  DUFF 


SECRETARY 
ELMER  K.  HILES 

TREASURER 
A.  E.  FROST 


DIRECTORS 

ALEX.  L.  HOERR  \  Term  Expires  January,  1915 

W.  C.  HAWLEY  J 

E.  H.  HASLAM  l  Term  Expires  January,  1916 

W.  E.  SNYDER  J 

GEORGE  H.  NEILSON  j  Term  £xpires  January,  1917 

FRED  CRABTREE  J 

JAMES  O.  HANDY  j.  tunior  pASx  Presidents 

S.  A.  TAYLOR  ) 


MECHANICAL  SECTION 


J.  A.  HUNTER,  Chairman 

Directors  * 


S.  M.  MARSHALL,  Vice  Chairman 

T.  D.  LYNCH 
J.  A.  McCULLOCH 
R.  H.  STEVENS 


STRUCTURAL  SECTION 

W.  E.  MOTT,  Chairman  G.  H.  DANFORTH,  Vice  Chairman 

(  F.  R.  DRAVO 

Directors  \  N.  S.  SPRAGUE 

(  L.  F.  W.  HILDNER 


2 


metallurgical  and  mining  section 

JOHN  S.  UNGER,  Chairman  GEO  c  PIr-P  „ 

S.  RICE,  V\C e  Chair 


/  F.  N.  SPELLER 
\  S.  A.  TAYLOR 
Directors  F.  S.  SLOCUM 
,  C.  C.  SMITH 
I  W.  E.  FOHL 
'  S.  L.  GOODALE 


entertainment  committee 

GEORGE  H.  NEILSON,  Chairman 
E.  C.  BATCHELAR 

T.  B.  CONNELLEY  A*  N-  DIEHL 

H.  D.  JAMES 


E.  H.  HASLAM 


finance  committee 

SAMUEL  E.  DUFF,  Chairman 


W.  E.  SNYDER 


A.  S.  DAVISON 


HOUSE  COMMITTEE 
VV.  C.  HAWLEY,  Chairman 


D.  W.  McNAUGHER 


PUBLICATION  COMMITTEE 
ALEX.  L.  HOERR,  Chairman 

L.  J.  AFFELDER 

FRED  CRABTREE  .  ^  A'  HUNTER 

B.  F.  GROAT  W-  E‘  MOTT 

J.  S.  UNGER 


COMMITTEE  ON  ENGINEERING  EDUCATION 


ALBERT  KINGSBURY,  Chairman 

SAMUEL  E.  DUFF 
A.  STUCKI 
W.  E.  REED 


F.  N.  SPELLER,  Vic.  Chairman 

PAUL  L.  WOLFEL 
S.  M.  KINTNER 
F.  C.  BIGGERT,  JR. 


3 


PROFESSIONAL  CARDS 


K.  F.  STAHL,  Consulting  Chemist 

Economical  use  of  acids  in  pickling. 
Utilization  or  recovery  of  waste  products. 

1  mprovements  and  economy  in  manufacture 
and  use  of  chemicals. 

57th  St.  &  A.  V.  Ry.  PITTSBURGH.  PA. 

WM.  McCLURG  DONLEY 

MUNICIPAL  ENGINEER 

Mem.  Am.  Soc.,  C.  E. 

Engineer  for  Carrick,  Mt.  Oliver,  St.  Clair, 
Knoxville  and  Baldwin  Twp. 

Mt.  Oliver  Station,  PITTSBURGH,  PA. 

THE  W.  G.  WILKINS  COMPANY 

ENGINEERS  AND  ARCHITECTS 
Westinghouse  Building,  Pittsburgh,  Pa. 

Wm.  Glyde  Wilkins,  Mem.  Am.  Soc.,  C.  E, 

Jos.  F,  Kuntz,  Architect 

Wilber  M.  Judd,  Mem.  Am.  Soc.,  C.  E. 

S.  DIESCHER  &  SONS 

Consulting,  Mechanical  and  Civil  Engineers 

IRON  AND  STEEL  WORKS  AND  GENERAL 
MANUFACTURING  PLANTS 

1503-4-5-6  Farmers  Bank  Building, 
Pittsburgh,  Pa. 

Pittsburgh  Testing  Laboratory 

Inspecting  and  Metallurgical 
Engineers  and  Chemists 

Seventh  and  Bedford  Aves.  Pittsburgh,  Pa. 

Telephone  Highland  468-W 

Francis  Z.  Schellenberg,  C.  E. 

Consulting  Engineer 

Railroads - Mines  Coal  Lands 

Address,  5746  Howe  St..  Pittsburgh,  Pa. 

W.  E.  FOHL 

Consulting  Engineer 

Farmers  Bank  Building,  Pittsburgh,  Pa. 

Financial,  Development  and  Operating 
Reports  on  Coal  and  Coke  Properties 

SAMUEL  E.  DUFF 

Consulting  Engineer 

Designing,  Superintendence,  Inspection, 
Examinations  and  Reports  on  Manufacturing 
Plants  for  purposes  of  extension  or  rear¬ 
rangement  to  secure  economy  of  operation. 

EMPIRE  BUILDING,  PITTSBURGH,  PA. 

ASSOCIATED  GEOLOGICAL  ENGINEERS 
Frederick  G.  Clapp 

Managing  Geologist 

Consulting  Specialists  on 

Oil  and  Gas  Problems  Water  Supplies 

Mining  and  Treatment  of  Ores 

331  Fourth  Avenue,  Pittsburgh 

FREDERICK  W.  WINTER 

Counselor  at  Law 

Patent,  Trade-Mark  and  Copyright  Causes 
1344  Oliver  Building,  Pittsburgh 

GEORGE  P.  THOMAS 
STANDARD  BRIDGE  TOOL  COMPANY 

Thomas  Spacing  Tables  and  Punching  Ma¬ 
chinery.  Steel  Car  Shops,  Bridge  Shops  and 

Boiler  Shops  a  specialty. 

Bessemer  Building,  Pittsburgh,  Pa. 

KAY,  TOTTEN  &  POWELL 

Counselors  at  Law 

Patents  and  Patent  Causes 

1359-62  Frick  Building  Annex.  Pittsburgh,  Pa. 

Bell  Court  2322 

GEO.  J.  HAGAN  CO. 
STOKER  FIRED  FURNACES 

Save  20%  to  75%  cost  of  fuel.  700  in  operation 

Peoples  Bank  Bldg.,  Pittsburgh,  Pa. 

M.  ARTHUR  KELLER 

Patent  Attorney 

Oliver  Building 

PITTSBURGH 

WALTER  W.  MACFARREN 

Mechanical  Engineer 

And  Solicitor  of  Patents 

Bessemer  Building  Pittsburgh,  Pa. 

Designer  of  Special  Machinery 
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PROFESSIONAL  CARDS— CONTRACTORS 


TALK  PRICE — WE  CANNOT  COMPETE 

TALK  QUALITY- WE  HAVE  NO  COMPETITION 

The  Stupakoff  Laboratories  PIT£iSX5GH 


EMIL  SWENSSON,  C.  E.,  mem.  am.  soc.  c.  e. 

Consulting  and  Constructing  Engineer. 

Telephone,  Bell  3353  Court  925  Frick  Building  PITTSBURGH,  PA. 

Bridges,  Elevated  Roads,  Office  and  Mill  Buildings,  Cars,  Ocean  Piers  and  Docks,  Ore  and 
Coke  Bins  and  other  Steel  Structures;  Manufacturing  Plants.  Rail  Roads,  Rapid  Transit  • 
Systems  and  Street  Railways,  Foundations,  Examinations,  Valuations  and  Report  for 
investment. 


JULIAN  KENNEDY 

ENGINEER 


Cable  Address 
ENGINEER,  Pittsburgh 


PITTSBURGH,  PA.  U.  S.  A. 


PITTSBURGH  PIPING  &  EQUIPMENT  CO. 

Piping  Engineers  and  Contractors 

Complete  Piping  Installations  for  Power  Plants  of  all  kinds 
Office  and  Works,  35th,  Charlotte  and  Smallman  Sts.,  PITTSBURGH,  PA. 

Boston  Cleveland  Chicago  Birmingham  San  Francisco 


PITTSBURGH  VALVE,  FOUNDRY  &  CONSTRUCTION  CO. 

Engineers,  Founders,  Pipe  Fitters  and  Machinists. 

Complete  Erection  of  Piping  a  specialty,  Estimates  Cheerfully  Furnished, 

Office  and  Works,  26th  Street  and  A.  V.  R.  R.  PITTSBURGH.  PA. 


ROBERT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation. 

NEW  YORK,  CHICAGO,  PITTSBURGH. 

- INSPECTION  OF - 

Rails  and  Fastenings,  Electrical  Equipments,  Cars,  Locomotives, 

Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures. 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Properties 

and  Processes. 


G.  W.  McCLURE,  SON  &  CO. 

ENGINEERS  AND  CONTRACTORS 

Fire  Brick  Hot  Blast  Stoves 
Blast  Furnace  Construction, 

Open  Hearth  and  Heating  Furnaces 

BESSEMER  BUILDING,  PITTSBURGH,  PA. 

When  writing  Advertisers 


GULICK=  HENDERSON  CO. 
Inspecting  and  Testing  Engineers 
Physical  and  Chemical  Laboratories 
439  Third  Ave.,  Pittsburgh 
Chicago  New  York 
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To  the  Engineer 


f]  We  have  an  attractive  proposition  for  the  use  of 
Central  Station  power  service  in  large  industrial  estab¬ 
lishments.  If  you  are  designing  any  plant  additions  or 
rebuilding,  we  would  be  pleased  to  have  an  opportunity 
to  submit  this  proposition  before  you  make  your  final 
decision  as  to  the  power  to  be  used.  We  feel  we  can 
save  your  client  money  in  the  operation  of  his  plant. 
Call  3200  Grant  and  ask  to  have  our  power  Engineer 

call. 

Duquesne  Light  Company 

435  SIXTH  AVENUE,  PITTSBURGH. 


national 
ban* 


PITTSBURGH 


Because  of  location,  equipment, 
personnel  and  resources,  this  bank 
is  prepared  to  extend  a  service  bet¬ 
ter  than  the  best  in  handling  your 
personal  or  business  account. 


Fifth  and  Liberty  Aves. 


ASSETS  $7,500,000.00 


When  writing  Advertisers  please  mention  “Proceedings.  * 
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ENGINES — ROLLING  MILLS 
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MESTA  ROLLING  MILL  MACHINERY 


ALL  TYPES  AND  SIZES 


CORRECT  DESIGN  BASED  UPON 
LONG  EXPERIENCE  AND 
SCIENTIFIC  INVESTIGATION 


CAREFULLY  SELECTED  MATERIALS 


HIGH  GRADE  WORKMANSHIP 


MESTA  MACHINE  COMPANY 


PITTSBURGH,  PA.,  U.  S.  A 

designers  and  builders  of  gas  and  steam  engines,  air  compressors 

CONDENSERS.  FORGING  PRESSES.  ETC. 


SPECIAL  MACHINERY, 


MACKINTOSH,  HEMPHILL  &  COMPANY 

FORT  PITT  FOUNDRY 


Twelfth  and 
Etna  Streets, 

Pittsburgh,  Pa. 

Manufacturers  of  — 

Rolling  Mills, 

Hydraulic  or 
Geared  Shears, 
Presses, 

Punches,  Riveters. 

CORLISS,  REVERS¬ 
ING  and  BLOWING 

ENGINES 

Iron,  Steel  and  Brass 
Castings. 


Miscellaneous  Iro„  an(J  Steel  yjQr ^ 

When  writing  Advertisers  please  mention  “Proceedings.” 
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MACHINERY 


Westinghouse  Electric  &  Mfg.  Co. 


Address  Nearest  District  Office  for  Information. 


Atlanta 

Baltimore 

Boston 

Buffalo 

Chicago 


Cincinnati  Detroit  Los  Angeles  New  York 

Denver  Kansas  City  New  Orleans  Philadelphia 

Westinghouse  Elec.  &  Mfg.  Co,,  Ltd.,  Dallas  and  El  Paso,  Tex. 

Canada:  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont.  _ 

Mexico:  Compania  Ingeniera,  Imdortadora  y  Contratista,  S.  A.,  Successors  to 
G.  &  O.  Braniff  Company.  City  of  Mexico _ 


Pittsburgh 
St.  Louis 
Salt  Lake  City 
San  Francisco 
Seattle 


The  Westinghouse  Machine  Co. 

Designers  and  Builders  of  Steam  Engines.  Steam 
Turbines,  Gas  Engines,  Gas  Producers,  Condensers 
and  the  Roney  Mechanical  Stoker. 

For  Particulars  Address  Nearest  Sale  Office: 


New  York.  165  Broadway. 

Boston,  131  State  Street. 
Cleveland.  Swetland  Bldg. 
Chicago.  39  South  La  Salle  Street. 
Cincinnati,  Traction  Bldg. 


Atlanta,  Candler  Bldg. 

St.  Louis,  Chemical  Bldg. 
Pittsburgh.  Westinghouse  Bldg. 
Philadelphia,  N.  American  Bldg. 
Denver,  Gas  &  Electric  Bldg. 
San  Francisco.  Hunt,  Mirk  &  Co. 


ease 


FOR  HIGH  PRESSURE  AND  EXACTING  SERVICE  THE 

HOMESTEAD  VAEVE 

Is  unequaled.  The  patent  construction  of  this  valve  prevents  leakage  and  insures 

“a  ’SSrxIte  gZ’szxxrsa  r- 

Works.  Homestead  HOMESTEAD  VALVE  MFC.pCO.  ^  ^  p„ 


PITTSBURG  GONSTRUGTIOIN  GOMPANV 

Diamond  Bank  Building,  PITTSBURGH, 

Coal  Tipples,  Trestle  Work,  Grading,  Masonry. 

MILL  BUILDINGS— Constructed  of  Brick,  Wood,  Stone,  Concrete  and 

Steel. 


W.  N.  KRATZER  &.  COMPANY,  manufacturers 

Structural  Steel  Work 

Mill  Buildings,  Steel  and  Concrete  Construction 

Beams,  Channels,  Angles,  etc.  in  stock  for  Rush  Orders. 

3212  to  3230  Smallman  Street,  Pittsburgh,  Pa. 


When  writing  Advertisers  please  mention  “Proceedings. 
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Union  Spring  and  Manufacturing  Company 

Manufacturers  of  Steel  Castings,  Coil  Springs,  Spring 
Plates,  Elliptic  Springs,  Journal  Box  Lids, 

Kensington  Journal  Boxes 

GENERAL  OFFICES,  OLIVER  BUILDING,  PITTSBURGH,  PA. 

50  Church  Street,  New  York.  N.  Y.  700  Fleher  Bulldln*.  Chk.no,  III. 

Missouri  Trust  Building,  St.  Louis,  Mo. 

American  National  Bank,  Richmond,  Va. 

WORKS,  NEW  KENSINGTON,  PA. 


NORTON  GRINDING  WHEELS 

ALUNDUM=  CRYSTOLON 


EXCLUSIVE  AGENTS 


LARGE  STOCK  ALWAYS  ON  HAND 

Somers,  ritler  &  Todd  Go. 

327  Water  Street,  PITTSBURGH,  PA. 


Taylor-Wilson  Manufacturing  Go. 

MANUFACTURERS  OF 

PIPE  MILL  MACHINERY 

Pipe  Threading  and  Cutting  Machines,  Socket  Tappers,  Testing 
Benches,  Cross  Rolls,  Socket  Reamers  and  other  machinery  used 
in  the  manufacture  of  Wrought  Iron  Pipe.  Special  Machinery. 

MACHINE  MOLDED  GEARS 

THOMSON  AVENUE,  telephone  171  victor  McKEES  ROCKS  PA. 
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METERS — MACHINERY 


Keystone  and  Eureka 

WATER  METERS 

Pittsburgh  Meter  Company 

General  Offices  and  W^orks 
EAST  PITTSBURGH,  PA. 

NEW  YORK  CHICAGO  KANSAS  CITY 
COLUMBIA,  S.  C.  SEATTLE 


Water  Meters 


CROWN.  EMPIRE, 
NASH,  OEM  and 
PREMIER 


Positive  Displacement  and  Velocity 

For  |  inch  to  60  inch  Pipes 


National  Meter  Company 


NEW  YORK  OFFICE 
84  &  86  Chambers  St. 


HOUSE  BUILDING 

PITTSBURGH,  PA. 


WATER 


SOFTENING 

AMD 

FILTRATION 

FOR  BOILER  FEED  AND  ALL  OTHER  USES 

WM.  B.SCAIFE  S  SONS  CO..  PITTSBURGH.  PA. 


Dravo  -  Doyle  Company 

Merchant  Engineers 

Pittsburgh  Cleveland  Philadelphia  Chicago 


When  writing  Advertisers  please  mention  “Proceedings.5 
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MINE  AND  MILL  SUPPLIES 


ESTABLISHED  1863 

Phillips  Mine  &  Mill  Supply  Co. 

PITTSBURGH,  PA. 

Works,  South  23d,  24th,  Jane  and  Mary  Sts. 
Office,  2227  Jane  Street 

Screens,  Gar  Dumps, 

Screen  Bars,  Gars, 

Screening  Plants  Gar  Wheels 
Complete,  Carry  Wagons, 

Mitchings,  Bto. 


BET  US  SUBMIT  PLAINS  AND  ESTIMATES. 
manufacturers  of 

GOAL  and  COKE  WORKS  EQUIPMENT 


-jerrREY- 

COMPLETE  COAL  MINE 
EQUIPMENTS 

Elevating,  Conveying  and  Power  Trans 
mission  Machinery,  Crushers,  Pulver 
izers,  Chains,  Etc. 

SEND  FOR  OUR  LATEST  CATALOGS  AND  BULLETINS 

JEFFREY  MFG.  CO.,  -  COLUMBUS,  O. 


STANDARD  CHAIN  COMPANY 

PITTSBURGH,  PA. 

CHAINS  OF  HIGHEST  QUALITY  MADE  FROM  IRON  ROLLED  TO 
SPECIFICATION  IN  OUR  OWN  MILLS 


PITTSBURGH  WOOD  PRESERVING  COMPANY 

Creosoted  Ties,  Bridge  Timbers,  Piling,  Poles,  Cross  Arms 

We  make  a  specialty  of  Creosoted  Wood  Blocks  for  shop  floors 

OFFICE:  2006  Commonwealth  Building,  PITTSBURGH,  PA. 
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MACHINERY— SHOP  EQUIPMENT 


- WILE - 

Electric  Furnaces 

Enable  you  to  get  the  proper  dis¬ 
tribution  of  your  alloy  they  save 
time  and  guarantee  the  mixture 
they  do  away  with  the  stocking  of 
heats  until  an  order  for  that  par¬ 
ticular  alloy  is  wanted.  If  you’re 
on  the  job — and  want  the  best 
you  should  write  for  our  booklet 
it  describes  our  proposition  in  detail. 

WILE  ELECTRIC 
FURNACE  CO. 

Eighth  Floor  Jenkins  Arcade 

PITTSBURGH 


ROPE  DRIVING 

The  use  of  rope  for  the  transmission  of 
power  is  increasing  very  rapidly  in  the 
United  States  and  England.  The  advan¬ 
tages  claimed  for  it  are: 

1.  Transmitting  large  amounts  of  power 

2.  Run  in  any  direction  or  to  any  distance 

3.  Smooth  and  quiet  running 

4.  Absence  of  electrical  disturbances 

5.  Economy  in  first  cost  and  maintenance 

6.  Absence  of  slip 

For  successful  work  the  pulleys  must  be 
large  in  diameter  and  must  have  smooth 
surface  where  the  rope  bears  upon  them. 
The  speed  and  the  load  on  the  rope 
must  also  be  such  as  experience  has 
shown  to  be  economical.  ^/ith  these 
conditions  filled  a  rope  drive  is  one  of 
the  most  satisfactory  methods  of  trans¬ 
mitting  power. 

We  make  a  specialty  of  Power  Trans¬ 
mission  Machinery  and  whether  you 
use  rope,  belt  or  gear,  we  are  prepared 
to  estimate  on  complete  installation 

Jones  &  Laughlin  Steel  Co. 

PITTSBURGH,  PA. 


“MORSE” 

Twist  Drills  and  Tools 


The  necessary  requirements 
of  high-class  tools  are  Speed, 
Exactness,  Quality,  Economy. 
All  are  combined  in 

“MORSE”  TOOLS 

For  nearly  Fifty  Years  they 
have  been  known  by  and  sold 
to  thousands  of  satisfied  users. 
They  are  up-to-date,  pro¬ 
gressive,  well-made,  accurate 
tools.  Carbon  and  High  Speed 
Steel. 

Twist  Drills,  Reamers,  Cutters 

Send  for  Illustrated  Catalogue 
Free  to  all  interested 

Morse  Twist  Drill  & 
Machine  Co. 

New  Bedford,  Mass.,  U.  S.  A. 
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TELEPHONES: 

w  •  rv«;  j  C.  D.  &  P.  1363  Court 
Main  Office  -j  p  &  A  2292  Main 

v  ,  j  C.  D.  &  P.  129  Brady 
Yards  -j  >>  790  Court 


STEAMERS 

MARGARET  CHARLOTTE 

REBECCA  HARRIET 


RODGERS  SAND  CO. 

Dealers  and  Shippers  of  all  kinds  of 

Sand  and  Gravel 

By  RIVER,  RAIL  or  WAGON 

321  Water  Street,  PITTSBURG,  PA. 


IRON  GITY  SAND  GOMPANY 
Dealers  in  RIVER  SAND  AND  GRAVEL 

Office,  Room  709  Fulton  Bldg.,  cor.  Sixth  St.  &  Duquesne  Way,  Pittsburgh,  Pa. 

Bell  Telephone  Grant  2017.  P.  &  A.  Telephone  Main  1598, 


“SALINA” 

“ETNA” 
“LYON” 


•■tSTi'BUsnED  1845  Manufacturers  of 

High  Grade 


FIRE  CLAY  and 
“VOUCH”  SILICA  BRICK 

IVJUOn  PITTSBURGH,  PA. _ 


Engineering-Contracting 

tells  how  3,11  classes  of  work  are  done  so  as  to  sa\  e  money  and 
make  money,  and  it  gives  itemized  prices  covering  every  detail 
of  the  construction.  These  are  taken  from  the  private  records 
of  men  having  charge  of  the  work  and  are  reliable  and  valu¬ 
able.  This  is  a 

Methods  and  Cost 

periodical  and  the  only  one  of  its  kind  in  the  world.  It  is  read 
regularly  (and  in  nearly  every  case  the  files  are  kept  for  per¬ 
manent  binding)  BY  MORE  PERSONS  INTERESTED  IN 
ENGINEERING  CONSTRUCTION  THAN  READ  ANY 
OTHER  SINGLE  PERIODICAL. 


Price,  $2  for  52  Issues.' 


•Sample  Copies — FREE 


ENGINEERING-CONTRACTING 


355  DEARBORN  STREET, 


CHICAGO 
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The  Reputation 

for  uniform  high  quality  held  by  Atlas  Portland 
Cement  is  not  easily  gained —  nor  easily  main¬ 
tained.  It  is  maintained  tho1— an  asset  equally 
to  buyer  or  seller. 


^  PORTLAND 

ATLAS 

^.CE)*KT>' 


ALPHA 

PORTLAND  CKMEXT 

The  Recognized  Standard  American  Brand. 
Only  One  Grade  Manufactured. 

ANNUAL  OUT-PUT  7,000.000  BARRELS 


PITTSBURGH  OFFICE. 

OLIVER  BUIl  DING 


GENERAL  OFFICE. 

EASTON,  PA, 


D.  J.  Kennedy  Company 

SOLE  DISTRIBUTERS 

CEMENT 

6366  Frankstown  Ave, 


LEHIGH  PORTLAND 
VICTORIA  KEENE’S 
CUMBERLAND 
POTOMAC 


ROMAN 

ASBESTIC 

WALL 

PLASTER 


Branch  Office — 

1501  Arrott  Building 


When  writing  Advertisers  please  mention  “Proceedings.” 


20 


engineering  and  drafting  instruments 


I'll 


m 


B.  K.  Elliott  Company 


TRANSITS  and  LEVELS 

of  all  best  known  makes. 

Repairing  of  old  instruments. 

DRAWING  MATERIALS 

of  every  description. 

Ask  for  our  New  439  page  Cloth  Bound 
Illustrated  Catalogue 


108  Sixth  St., 


PITTSBURGH,  PA. 


PITTSBURGH  INSTRUMENT  Si  MACHINE  CO. 

236  THIRD  AVE.,  PITTSBURGH,  PA. 

Manufacturers  of 

TRANSITS  AND  LEVELS 
We  repair  Field,  Mine  and  Drafting  Room  Instruments 

Best  Equipped  Shop  in  Western  Penna. 


'HPMftt 1/  MEASURING 

uriuiv  TAPES 

ARE  SUPERIOR. 

|  This  is  the  verdict  of  those  who  have  used  them,  and  it’s  the  principal 
for  our  increasing  sales.  It  will  be  proved  to  you  if  you  try  them 

THE  /UFK/N  ftlJLE  fil). 


Gpnz 


reason 


Sold  Everywhere 
NEW  YORK 


Send  for  Catalog 

SAGINAW,  MICH. 


Mr  f  $ 


F/£s 


DESIGNING. 

I  ILLUSTRATING, 
PHOTO-  RETOUCH  1 NG 


WOOD  CUTS, 
ZINC  ETCHINGS. 
HALF-TONE  PLATES 


ROBT.  RAWSTHORNE  ENGRAVING  G. 

w  WEST  PENN  BLDG.  304  PENN  AVE  PITTSBURGH  PA 1 

tix  ix  rj  in  rj  itlx  u  nun  m u u m m w mM- mMm mmmm mm mmmMT 
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SCHOOL  OF  MINES,  UNIVERSITY  OF  PITTSBURGH 

cD£i  3  «"»«  *>»*"« 

PrBS,lP,hN>HST  ,  f  For<BuMe,?|rne,TdKdr„,;0al  WaSh,n^  ‘’aleoontology, 
S.  B.  LINHART,  Secretary  of  the  University.  Grant  Boulevard.  Pittsburgh. 


NORWICH  UNIVERSITY 

THE  MILITARY  COLLEGE  OF 
VERMONT. 

Civil  and  Electrical  Engineering 

NORTHFIELD,  VT. 


Rensselaer  Polytechnic  Institute 

SCHOOL  of  V\ 
ENGINEERING 

CIVIL  MECHANICAL.  ELECTRICAL  and  CHEMICAL 
ENGINEERING,  and  GENERAL  SCIENCE 

Send  for  a  Catalogue.  TROY,  N.Y. 


Unrivaled  Service  for  the  Chemical  Engineer  and  Metallurgist 

I  nie  1  O  larK  f  a  m  —  Tf .  _  1  1  K  1  I  s  I  "  A  V  V  V  V  rx  •  a  a  ■  _ _ 


NFFmMr“  LS  offcle,d  by  METALLURGICAL  AND  CHEMICAL  ENGI 

NEERING,  which  thoroughly  covers  practice  and  progress  in  industrial  chemistrv 
electrochemistry  and  in  all  branches  of  ore  treatment  and  refinement  incTudina 
the  smelting  of  iron,  refining  and  heat  treatment  of  steel,  etc.  ’  8 

enre  °urnai  IS  a  great  technical  newspaper,  invaluable  for  reading  and  refer- 

in  "he  fieldsPit°™e  e"8meer'  chem‘st’  ma"ager  a"d  ^P«i"tende„.  interested 

Wnte  today  for  a  sample  copy,  or,  better  still,  send  $2.00  for  a  yearly  subscription 
Published  Monthly,  $2.00  a  year.  Foreign  and  Canadian,  $2.50  a  yea” 

metallurgical  and  chemical  engineering 

_  239  WEST  39th  STREET,  NEW  YORK 


Refuse  Collection  and  Disposal 

By  E.  N.  STACY 

A  Plea  for  Beautiful  Bridges 

By  H  G.  TYRRELL 

The  Genesis  of  the  Traction  Engine 

By  J.  L.  MOWRY 


JOURNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES 

$3.00  per  annum.  JANUARY.  1015  JO  cent,  per  copy 

JOSEPH  W.  PETERS,  Secretary.  3817  Olive  Street.  St.  Louis.  Mo. 
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POWER  PLANT  EQUIPMENT. 


“LEA” 

V-NOTCH 

Recording  Meter 


“SEMCO” 

CONTINUOUS  FEED 

Water  Regulator 


“NELSON” 

VALVES 


STEAM  EQUIPMENT 


MANUFACTURING  COMPANY 


OFFICES  : 
Jenkins  Arcade  Bldg 


“SIMPLEX” 

BLOW-OFF  VALVES 


PITTSBURGH 

PA. 


“PEROLIN” 


VULCABESTON 

PACKING 


99 


BELL  COURT  139G 


JAS.  H.  JOHNSTON 


604 


T  JENKINS  ARCADE  BUILDING 


PITTSBURGH,  PA. 

Lagonda  Tube  Cleaners  Anderson  Steam  Traps 


Water  Strainers 
Automatic  Valves 


Perfection  Pump  Valves 
Power  Plant  Accessories 


GREEN  ENGINEERING  CO. 

EAST  CHICAGO,  IND. 

Green  Chain  Grate  Stokers  . 

GECO  Pneumatic  Ash  Handling  Systems 

GECO  Steam  Jet  Ash  Conveyors 

GECO  Pressure  Waterbacks 

Write  our  nearest  office  for  Bulletins 

NEW  YORK  PITTSBURGH  CHICAGO  ST.  LOUIS 
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The  above  paragraphs  are  clipped  from 
the  recent  report  of  Mr.  J.  C.  Bannister, 
Manager  of  the  Kewanee  Works  of  the 
National  Tube  Co.,  Kewanee ,  III.  The 
tements  refer  to  their  results  with 


under  the  4-600  h.  p.  boilers  at  the 
above  plant 


NOTE  THESE  FACTS:  (1)  The  efficiencies  mentioned  were  secured  on 
low  grade  Western  fuel,  and  (2)  fluctuating  manufacturing  conditions. 

This  remarkable  fuel  saviug  indicates  that  our  last  month’s  advertisement  on 
$30,000  yearly  fuel  saving  secured  with  Taylor  Stokers  at  the  Bessemer  Coal  &  o  e 
Co.  plant  was  not  a  sporadic  case.  And  remember,  as  to  the  above,  that  to  ue 
saving  you  must  here  also  add  labor  saving,  less  maintenance,  and  smokelessness. 

Our  Pittsburgh  Office  will  supply  you  with  fuller  information  if  you  wish. 

American  Engineering  Company 

PITTSBURGH  OFFICE:  OLIVER  BUILDING 


When  writing  Advertisers  please  mention  “Proceedings. 


Damascus 
Bearings 

Where  careful  comparisons  of  competing  materials 
are  the  rule,  Damascus  Bearings  are  generally  found. 
Forty  years  experience  in  bearing  metals  alone  has 
enabled  Damascus  to  produce  the  proper  bearing  for 
practically  any  requirement. 

W  hen  buying  bearings  for 

Mills  and  Railroads 

remember  that  your  measure  of  cost  is  not  the  price 
per  pound  originally  paid,  but  cents  per  unit  of  work 
performed .  Damascus  alloys  reduce  your  true  costs 
because  in  them  nothing  is  spared  initially  to  make 
them  economical  finally. 

You  will  reduce  your  yearly  expense  by  putting 
Damascus  Bearings  in  your  equipment. 


Write  today 
regarding  your 
requirements  in 
bronze  and 
babbitt 
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THE  PENN  COUPLER 


This  coupler,  which  is  a  combination  and  modification  of  the  Pitt 
and  Janney  X  Couplers  manufactured  by  us,  has  all  the  desirable 
features  of  those  couplers,  and  at  the  same  time  retains  the  simplic¬ 
ity  of  the  early  types  of  the  Janney  Coupler. 

This  coupler  has  the  features  of  a  “Lock-Set,”  a  “Lock-to-the- 
Lock”  and  a  “Knuckle-Opener,”  and  complies  fully  with  all  the 
requirements  and  recommendations  of  the  M.  C.  B.  Association 
and  the  Safety  Appliance  Law. 

Lock  -  Set.  Lock  setting  is  accomplished  by  the  locking  block 
when  raised  to  the  uncoupling  position,  resting  on  a  seat  on  the  in¬ 
side  wall  of  the  coupler  head,  from  which  seat  it  is  dislodged  on 
the  closing  movement  of  the  knuckle  in  the  act  of  coupling. 

Lock  -  to  -  the  -  Lock.  The  locking  pin  cannot  climb,  being 
held  in  the  locked  position  by  the  trigger,  a  projection  near  the 
upper  end  of  which  engages  the  under  side  of  the  top  wall  of  the 
coupler  head,  thus  preventing  accidental  uncoupling. 

Knuckle  -  Opener.  The  knuckle-opener  pushes  the  knuckle 
open  to  its  fullest  range  of  movement  from  a  fully  closed  position 
or  from  any  partially  open  position,  and  its  path  of  movement  is 
such  as  to  insure  easy  and  complete  opening  of  the  knuckle. 
Especial  attention  is  called  to  the  large  area  (practically  5  square 
inches)  of  the  locking  surface  on  the  locking  block  and  the  knuckle 
in  this  coupler,  and  to  the  fact  that  no  portion  of  the  locking  block 
extends  beyond  the  bottom  wall  of  the  coupler.  #  # 

This  coupler  has  the  desirable  feature  of  easy  accessibility  of 

parts,  thus  facilitating  repairs. 

Manufactured  by 

The  McCONWAY  &  TORLEY  CO. 

PITTSBURGH,  PA. 

MALLEABLE  IRON  AND  STEEL  CASTINGS 
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